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Abstracts 


Preface to Transitioning to Sustainable Life below Water 
by Werner Ekau and Anna-Katharina Hornidge 


The formulation of the Agenda 2030 of the United Nations in 2015 has given rise to a 
substantial increase of attention payed to the sustainable governance of our oceans. 
Yet, the institutional landscape remains fragmented and driving an ecologically 
and socially just transition of existing ocean governance practices forward remains 
a challenge. This introductory chapter gives an insight into the background 
discussions that led to this edited book on the Sustainable Development Goal 14 
and offers an overview over the structure of the book. 


Ocean Pollution—A Selection of Anthropogenic Implications 
By Jennifer S. Strehse, Tobias H. Biinning and Edmund Maser 


The number of chemicals that have a detrimental influence on the world’s 
marine systems is almost uncountable. Some of them, e.g., mercury and its organic 
compounds, have to an extent always been part of global cycles, but have been 
released in far greater amounts since the beginning of the Industrial Revolution 
in the late 18th century. Others, such as pharmaceuticals, persistent organic 
pollutants (POPs) and microplastics, have emerged only during the last 100 years, 
but in alarming proportions. Their influence on marine ecosystems is often very 
poorly understood. Sources are as diverse as the substances are: sewage water (e.g. 
pharmaceuticals and microplastics), atmospheric release (e.g, metals and POPs) 
and even intentional dumping of waste (e.g., munitions and metals). Many of these 
substances can be found even in pristine areas such as the deep-sea Mariana trench 
or the perpetual ice of the Arctic. While problematic on their own, it seems that 
some of these compounds interfere with each other. Microplastics, for example, are 
discussed as a vector for hydrophobic organic components such as POPs, metals 
and microbiota. This chapter provides an overview on the topics of microplastics, 
persistent organic pollutants, metals, munitions, and pharmaceuticals. The 
condition of the Baltic Sea, which is considered the most polluted sea in the world, is 
given as an example. These pollutants serve as representative and well-recognized 
contaminants, which are gaining more public attention. It is intended to serve as an 
introduction to further research on ecotoxicologically relevant chemicals. 


xi 


The Featuring of Small-Scale Fishers in SDG 14: Life below but 
Also above Water 
by Maarten Bavinck 


This chapter deals with SDG 14 (‘life below water’) and the curious inclusion 
of a clause (Article 14B) supporting the global population of small-scale fishworkers 
and their marine livelihoods. It enquires as to the background of this particular 
clause, which it traces back to the drawn-out international negotiation process that 
was marked by the ratification of FAO’s Code of Conduct for Responsible Fisheries 
(1995) and the Voluntary Guidelines for Securing Sustainable Small-Scale Fisheries 
(2014). Social movements, NGOs and the academic community are demonstrated 
to have played an important role in both achievements. While Article 14B provides 
an additional impulse to the international small-scale fisheries movement, the 
challenges that small-scale fishworkers face are still substantial. As Article 14B 
concedes, the struggle focuses on maintaining access to resources and markets, but 
also responding to the critiques of the conservation movement. 


Global Processes in Ocean Policy: An Opportunity to Create 
Coherence in Governance Frameworks and Support the 
Achievement of Conservation Goals 

By Ben Boteler, Carole Durussel, Sebastian Unger, Torsten Thiele 


Three major global processes in ocean governance under the umbrella of the 
United Nations are currently underway: negotiations for an international legally 
binding agreement under the 1982 United Nations Convention on the Law of the 
Sea (UNCLOS) for the conservation and sustainable use of marine biodiversity in 
areas beyond national jurisdiction (BBNJ); the 20 Aichi Biodiversity Targets adopted 
in 2010 as part of the Convention on Biological Diversity (CBD) Strategic Plan for 
Biodiversity 2011-2020 are coming to an end and new and updated biodiversity 
targets will be adopted as part of the Post-2020 Global Biodiversity Framework in 
2020; and many of the targets set under the Sustainable Development Goal 14 (SDG 
14) as part of the ocean United Nations 2030 Agenda, which includes focuses on 17 
Sustainable Development Goals, to holistically address current global challenges 
are set to expire and are expected to be updated or renewed. This Chapter highlights 
the need to ensure coherence across these global processes for marine conservation 
and provides ways in which ocean governance can be strengthened to support 
global processes and marine conservation goals. 


xii 


Climate Change and Its Impact on the Ocean 
By Martin Visbeck and Sigrid Keiser 


Increased human activities—in particular energy generation and land use— 
have led to atmospheric pollution by the significant emission of greenhouse gases 
such as carbon dioxide (CO2) and methane. The associated climate change is also 
affecting the ocean while, at the same time, the ocean plays a fundamental role 
in mitigating climate change by serving as a major heat and carbon sink. We 
highlight some of the most salient aspects of climate change impacting the ocean 
as articulated in the Special Report on the Ocean and Cryosphere in a Changing 
Climate by the Intergovernmental Panel on Climate Change (IPCC) released in 2019. 
It shows that the ocean is warming, the global sea level is rising, ocean heatwaves 
are more frequent, the ocean is becoming more acidic, marine ecology is shifting, 
levels of dissolved oxygen are reducing and the melting of ocean-terminating 
glaciers and ice sheets around Greenland and Antarctica is rapidly increasing. 
From the perspective of meeting the United Nations Sustainable Development 
Goals, in particular SDG 14, there are strong synergies between promoting climate 
mitigation and adaptation strategies, which are enshrined in SDG 13 and outlined 
in more detail by the Paris Agreement. Scientific research and solution-oriented 
knowledge generation require the growth and transformation of the science system. 
Specifically, they will require more freely shared ocean data, new and more effective 
ways of analyzing observational data fused with ocean and climate models, and 
enhanced timely assessment, predictions and scenario development of future 
ocean conditions. At the same time, knowledge from natural and social sciences, 
as well as informal knowledge, must be considered. Ocean science must be in a 
position to support decision makers by providing knowledge and frameworks to 
weigh the ecological, environmental and human impacts with an expected increase 
in use of the ocean for different sustainable development pathways. In recognition 
of this challenge, the United Nations declared 2021-2030 as the Decade of Ocean 
Science for Sustainable Development in order to advance “the science that we need 
for the ocean we want”. The ocean decade seeks to catalyze a change towards more 
international, shared and solution-oriented ocean science. 


xiii 


Deep-Sea Mining: Can It Contribute to Sustainable Development? 
By Luise Heinrich and Andrea Koschinsky 


Deep-sea mining is increasingly suggested to meet the metal demand of the 
growing world population and to bring revenue and resource independence to 
many countries. Deep-sea mining is often also presented as a source for the metals 
required for the transition to a low-carbon economy. However, the exploitation of 
marine mineral resources will also be associated with considerable adverse impacts. 
Therefore, it is necessary to assess deep-sea mining impacts from a sustainability 
perspective and discuss if and how deep-sea mining could be compatible with 
sustainable development. Although deep-sea mining describes the extraction of 
a finite resource and, therefore, appears to contradict the Brundtland definition 
of sustainable development, this assessment finds that deep-sea mining could, 
under certain conditions, contribute to sustainable development. Important 
pre-requisites for this include the availability of an effective fiscal and revenue 
management system to ensure that the returns from deep-sea mining secure long- 
term benefits for national economies and stringent environmental regulations. 
Furthermore, environmental and social impact assessments have to be conducted 
early in the process and complemented with, inter alia, sound environmental and 
social management plans. As the success of these measures strongly depends 
on the availability of trained personnel, capacity-building initiatives need to be 
implemented in prior or in parallel to the establishment of deep-sea mining 
operations. Nevertheless, there is an urgent need to explore alternatives to deep- 
sea mining, including the increase of recycling rates, the substitution of critical 
materials and an overall change of consumer behavior. 


xiv 


Preface to Transitioning to Sustainable Life 
below Water 


Anna-Katharina Hornidge and Werner Ekau 


1. Introduction 


The ocean has played a major role for humanity for thousands of years. It connects 
and separates people and nations, and provides space for trade and transport, raw 
materials and food. Just as old is the attempt to regulate the use of the ocean and to use 
it for one’s own interests. It took until 1967, however, for Arvid Pardo, a diplomat from 
Malta, who represented his small island state, which had recently become independent, 
at the UN as an ambassador, to give a much-noticed, four-hour speech in which he 
denounced the unchecked exploitation of the seas and the seabed and the unequal 
distribution of opportunities, especially for small states, to share in the fruits of the sea. 
His call for the oceans as a whole to be declared the heritage of all humanity and for 
mechanisms to be developed to give all states equal opportunities to use the oceans 
ultimately led to the 3rd Conference on the Law of the Sea and the formulation of the 
United Nations Convention on the Law of the Seas (UNCLOS) in 1982. Unfortunately, 
UNCLOS is mainly concerned with the territorial seas as national economic zones 
(EEZs) and the seabed. The open ocean beyond the EEZ is not covered. 

The 3rd Conference on the Law of the Sea, which consisted of 10 sessions from 
1973 to 1982, also led to discussions in other UN agencies on better ocean management. 
However, the approaches were sectoral. Juda and Burroughs (1990) and Alexander 
(1993) urged a trans-sectoral approach to sustainable management. 

This step was only achieved with the signing of the Convention on the 
implementation of the Sustainable Development Goals (SDGs) in 2015, in which the 
member states of the United Nations issued a universal call to action to effectively 
fight poverty, protect our planet and ensure that all people can live in peace and 
prosperity by 2030. 

Finally, the largest habitat we have on this planet, the ocean, is also given 
recognition of the importance it has for humanity with the dedication of its own goal, 
SDG 14 Life below Water. 

The oceans drive global energy and material flow systems. They are thus largely 
responsible for the distribution of nutrients and heat on the planet, absorbing heat 
from the atmosphere and storing it, thus acting as a buffer for natural fluctuations. 


The oceans absorb about 30% of the carbon dioxide produced by humans. The 
absorption of carbon dioxide manifests as a reduction in pH, commonly referred 
to as ocean acidification, and affects the oxygen content of the water. This has led 
to an increase in oxygen depletion in many coastal waters and major upwelling 
areas worldwide (Zhang et al. 2010). Human-sponsored marine pollution is reaching 
alarming levels, with nutrient inputs, toxic chemicals, plastics and munition debris 
having long-lasting negative impacts on ecosystems (see the following chapters). 

In this context, SDG 14 is embedded in the complex network of 17 goals in 
total, all of which are interrelated, interdependent and call for a move towards social, 
economic and environmental sustainability. The sustainable management of our 
marine ecosystems, coasts and marine resources will remain our greatest challenge 
in the 21st century. 

Relatively recent shifts in policy discourse have thus turned towards developing 
approaches of integrated marine and coastal governance. The empirical and 
theoretical knowledge base, however, is substantially less developed than that 
with regard to terrestrial systems. Thus, sciences within the field of ocean governance 
are, first, increasingly concerned with building sound empirical and theoretical bases 
for understanding the complexities of governing coastal and marine spaces; and 
second, with fostering science—policy dialogues that assure close interactions and 
mutual transformative learning for building ocean governance frameworks and 
instruments on international, regional and national levels that meet the challenges of 
increased uses and limited carrying capacities of the ecosystems themselves. The 
aim of these debates is to develop governance instruments that are applicable across 
sectors and ecosystems and at local, national and regional levels (Schliiter et al. 2020; 
Kirkfeldt et al. 2021; Gissi et al. 2021). 

This volume brings together a number of papers giving insight into the 
knowledge bases with regard to marine ecosystems and their governance challenges, 
as well as reflecting the policy environment and governance instruments needed 
for meeting the Agenda 2030 formulated by the UN in 2015 based on these insights 
(OceanGov 2020). 


2. Climate Regulator, Biodiversity Hub and Resource Provider 


The ocean drives global energy and material fluxes and acts as global climate 
regulator, hosts enormous biodiversity and is a key source of protein supply for 
humans (FAO 2020; IPCC 2019; IPBES 2019). It captures large quantities of carbon 
and produces around 50% of atmospheric oxygen. The absorption of carbon dioxide 
results in a reduction in the pH value, commonly referred to as ocean acidification, 


which affects the oxygen content of the water. The latter has led to an increase in 
oxygen depletion in many coastal waters and large upwelling areas worldwide, 
changing organisms’ life cycles and whole ecosystems. Marine pollution, which is 
mainly caused by humans, has reached alarming levels, with nutrient inputs, toxic 
chemicals, plastics and ammunition residues having long-lasting negative effects on 
ecosystems. About half of humanity is directly or indirectly dependent on marine 
and coastal ecosystems for its quality of life. The total value of marine ecosystem 
services was estimated to reach USD 21 trillion, USD 11 million thereof from coastal 
systems (Costanza et al. 1997). The market value of marine and coastal resources 
and industries is estimated at USD 3 trillion per year, or about 5% of the global GDP 
(UNCTAD 2021). According to the UN Food and Agriculture Organization (FAO), 
fisheries and marine aquaculture form the basis of livelihood provision for some 12% 
of the world’s population. In many developing countries, fish and seafood are an 
essential source of protein. We cannot stand by as our coasts and seas continue to be 
polluted and resources over-exploited, and human-driven climate change is changing 
entire ecosystems. Not only should we, but we must use the marine ecosystem in 
a way that keeps it healthy and provides us with optimum of services. Sustainability 
means using the sea intelligently for the benefit of all humanity. This is the basic 
statement behind SDG 14 Life below water. 

The international community has, thus far, not sufficiently addressed these 
challenges. The strategic and economic relevance of the ocean and its resources 
decisively influences the negotiation processes and leads to protracted negotiations. 
This applies to the awarding of deep-sea mining rights via the International Seabed 
Authority, as well as agreements on the handling of biological resources and 
information from high seas areas (Biodiversity Beyond National Jurisdiction (BBNJ). 


3. Ocean Governance for a Sustainable Future 


As pointed out above, it is only since the late 1960s that, initiated by Arvid 
Pardo and supported by Elisabeth Mann Borgese in the 1970s, the idea of the ocean 
as the common heritage of mankind, was adopted by UN diplomacy and triggered 
the development of the UN Convention on the Law of the Sea (UNCLOS). However, 
the principle applies exclusively to the ocean floor and its mineral resources in areas 
beyond national jurisdiction. Coastal waters (EEZ; within 200 nm) with their living 
and non-living resources are under national jurisdiction; however, the high sea, with 
its valuable fish and biological resources, is not regulated, which leads to extensive 
illegal, unregulated and unreported (IUU) fishing. 


In order to achieve significant progress in combating IUU, distributing 
resources equitably and ensuring equal rights for all, for example, international 
and transregional cooperation must be promoted, which allow negotiations at eye 
level geared towards a global common good. Geopolitical tensions are sometimes 
based on different value systems, for example, with regard to human rights, political 
regimes, or the value of ecosystems, biodiversity and a healthy ocean. It must be 
understood that global challenges such as those caused by climate change or the 
COVID-19 pandemic can only be solved jointly and in transregional dialogue. 

Thus, we need structural policies that foster the global common good. The ocean 
here can play a key role in developing new governance models to maintain its role in 
stabilizing the climate, acting as home to some of the world’s richest biodiversity 
hotspots, and being available for the upcoming blue economy. Social protection, 
food and health systems play important roles in contemporary crisis management 
and in assuring societal resilience with regard to future crises. Quality education 
(SDG 4) and science and innovation (SDG 9) are the core fields of action to reduce 
social inequalities (SDG 10), overcome poverty (SDG 1) and ensure social justice 
and peace (SDG 16), promote political participation, respect cultural diversity, and 
create a climate-neutral (SDG 13) and stable economic system, which restrict our 
production and consumption system in ways that CO; emissions are reduced, our 
climate stabilized and a socially just transition is assured. 

The Agenda 2030 of the United Nations explicitly focuses on sustainable ocean 
governance (United Nations 2015). SDG 14 ‘Life below Water’, comprising 10 targets 
(see annex), is dedicated to the largest habitat on the planet: a habitat that encompasses 
all climate zones, from the poles to the tropics and is globally connected by large, 
transregional currents that transport heat and nutrients. SDG 14 focusses on the 
protection of marine and coastal ecosystems from pollution in a sustainable way and 
addressing the effects of ocean acidification, the establishment of Marine Protected 
Areas and fighting against IUU. The formation of scientific knowledge and transfer 
of marine technology is thematized in the same way as the support of artisanal 
fisheries is requested. These targets also continue to serve as priority directions 
during the UN Ocean Decade 2021-2030. The SDGs have stimulated and are the 
basis for further discussions in other dialogues, such as the Conference of the Parties 
to the United Nations Framework Convention on Climate Change (UNFCCC); they 
have also influenced debates on the primacy of Blue Carbon and the sustainable use 
of marine biodiversity in the Areas Beyond National Jurisdiction (ABNJ), as well as 
the development of international exploitation rules for deep-sea minerals and the 
ambitions of some nations to extend their territories towards the open ocean. 


4. Overview of the Book 


In the following chapters, a number of selected and crucial threats to the ocean’s 
ecosystems are discussed, which relate to the ten targets of SDG 14 ‘Life below Water’ 
(see Appendix A): ocean warming and acidification caused by the still increasing 
release of CO; pollution as a major human threat to the ocean by releasing chemicals, 
nutrients and plastics into the sea and the dumping of munitions; responsible 
management of small-scale fisheries; and deep-sea mining. In addressing these 
challenges, political will and action are key. Thus, the following chapters each reflect 
the respective ecosystem challenge from a governance perspective. 

As part of the ongoing efforts of Agenda 2030 implementation as well as in 
preparation of the upcoming Sustainable Development Goal Summit in September 
2023 of the United Nations, the volume recommends development policy-makers 
and researchers—and in line with Hornidge (2020)—to turn their attention to the 
governance of the world’s ocean in the following areas: 

Food system of the future: Artisanal fisheries represent the largest group of 
people working in capture fisheries. It is thus an important economic sector, especially 
on tropical coasts. Increasingly, this sector is coming under pressure as competition 
in coastal waters has steadily been increasing for years due to the sale of licenses to 
foreign industrial fishermen. Too many vessels, oversized nets, as well as too many 
fishermen in artisanal fishing, who are operating ever-larger motorized boats, are 
leading to overfishing of the stocks. The social impacts are enormous and mostly 
neglected by policy makers. There is a lack of alternative income opportunities for 
the fishermen. The only remedy is the stricter application of existing principles 
for sustainable fishery management, in combination with the principles of good 
governance and the rule of law, as formulated in the FAO Guidelines for Small-scale 
Fisheries (FAO 2015). 

Living with coastal change processes: Coastal societies have to adapt to the 
multiple consequences of changes in socio-ecological systems that are taking place 
worldwide at an increasing pace. The intensive use of the coasts generates an 
increasing diversity of stakeholders (e.g., fish farmers, fishermen, tourism companies, 
infrastructure operators, poor and rich, regulators and regulated) and leads to conflicts 
of interest and power asymmetries. Here, transformative approaches need to be 
found that lead to sustainable cooperation between these groups, including scientists. 
Tools such as marine spatial planning, ecosystem-based fishery management, which 
includes marine protected areas and adaptations to sea-level rise and coastal erosion, 
require societal, technological and nature-based solutions, e.g., carbon-capturing 
mangrove forests. 


Knowledge and knowledge partnerships for sustainable ocean governance: 
An essential task for further improving ocean governance is to better disseminate 
existing knowledge about the ocean and make it accessible. This will strengthen 
the negotiating position of coastal states in regional and multilateral debates on 
ecosystem conservation and blue economy job creation. The SDGs, including the 
Summit 2023 and the United Nations Decade of Ocean Science for Sustainable 
Development (2021-2030), are important tools to build and expand necessary regional 
networks between decision-makers and scientists in the field of ocean governance. The 
formulation and implementation of sustainability standards (ecological, social, economic 
and cultural) on a local and regional level and the consistent further development of 
the “Blue Economy” principles must be one of the goals for the next decade. 

The ocean, as the largest contiguous habitat, a source of food, a service provider 
for the exchange of goods and a buffer for climate fluctuations has finally become 
prominent in the global political agenda. We must seize the opportunity to set the 
right path for a sustainable, shared future of our planet. 
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Appendix A. Sustainable Development Goal 14—United Nations 2015 


Target 14.1: By 2025, prevent and significantly reduce marine pollution of 
all kinds, in particular from land-based activities, including marine debris and 
nutrient pollution. 

Indicator: Index of (a) coastal eutrophication and (b) floating plastic debris 
density. 

Target 14.2: By 2020, sustainably manage and protect marine and coastal 
ecosystems to avoid significant adverse impacts, including by strengthening their 
resilience, and take action for their restoration in order to achieve healthy and 
productive oceans. 


Indicator: Number of countries using ecosystem-based approaches to managing 
marine area. 

Target 14.3: Minimize and address the impacts of ocean acidification, including 
through enhanced scientific cooperation at all levels. 

Indicator: Average marine acidity (pH) measured at agreed suite of 
representative sampling stations. 

Target 14.4: By 2020, effectively regulate harvesting and end overfishing, illegal, 
unreported and unregulated fishing and destructive fishing practices and implement 
science-based management plans, in order to restore fish stocks in the shortest time 
feasible, at least to levels that can produce maximum sustainable yield as determined 
by their biological characteristics. 

Indicator: Proportion of fish stocks within biologically sustainable levels. 

Target 14.5: By 2020, conserve at least 10% of coastal and marine areas, 
consistent with national and international law and based on the best available 
scientific information. 

Indicator: Coverage of protected areas in relation to marine areas. 

Target 14.6: By 2020, prohibit certain forms of fishery subsidies which contribute 
to overcapacity and overfishing, eliminate subsidies that contribute to illegal, 
unreported and unregulated fishing and refrain from introducing new such subsidies, 
recognizing that appropriate and effective special and differential treatment for 
developing and least developed countries should be an integral part of the World 
Trade Organization fisheries subsidies negotiation. 

Indicator: Degree of implementation of international instruments aiming to 
combat illegal, unreported and unregulated fishing. 

Target 14.7: By 2030, increase the economic benefits to developing small-island 
states and the least economically developed countries from the sustainable use 
of marine resources, including through the sustainable management of fisheries, 
aquaculture and tourism. 

Indicator: Sustainable fisheries as a proportion of GDP in developing small-island 
states, the least economically developed countries, and all countries worldwide. 

Target 14.a: Increase scientific knowledge, develop research capacity and 
transfer marine technology, taking into account the Intergovernmental Oceanographic 
Commission Criteria and Guidelines on the Transfer of Marine Technology, in order 
to improve ocean health and to enhance the contribution of marine biodiversity to 
international development, in particular in developing small-island states and the 
least economically developed countries. 


Indicator: Proportion of total research budget allocated to research in the field 
of marine technology. 

Target 14.b: Provide access for small-scale artisanal fishers to marine resources 
and markets. 

Indicator: Degree of application of a legal/regulatory/policy/institutional 
framework which recognizes and protects access rights for small-scale fisheries. 

Target 14.c: Enhance the conservation and sustainable use of oceans and their 
resources by implementing international law as reflected in UNCLOS, which provides 
the legal framework for the conservation and sustainable use of oceans and their 
resources, as recalled in paragraph 158 of “The Future We Want”. 

Indicator: Number of countries making progress in ratifying, accepting and 
implementing ocean-related instruments through legal, policy and institutional 
frameworks, which implement international law, as reflected in the United Nation 
Convention on the Law of the Sea, for the conservation and sustainable use of the 
oceans and their resources. 
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Ocean Pollution—A Selection of 
Anthropogenic Implications 


Jennifer S. Strehse, Tobias H. Biinning and Edmund Maser 


1. Microplastics in the Marine Environment 


1.1. Introduction—How Plastics Enter the Environment 


Today, plastic is one of the most used polymers in the world and comprises 
one of the five common material classification categories alongside metallic, ceramic, 
organic and composite materials. From its creation in the 1870s, it has become an 
integral part of human life, mainly due to its advantageous properties relating to 
elasticity, lightness, versatility and durability. It is clear, meanwhile, that plastic 
has profoundly changed daily life. Since the 1940s, annual plastic production has 
massively increased over the decades from 0.5 million tons to nearly 370 million tons 
in 2019 (Plastics Europe 2020). 

With regard to the molecular structure, about 80% of the polymers in Europe 
include polypropylene (PP), polyethylene (HD-PE and LD-PE), polyvinyl] chloride 
(PVC), polyurethane (PUR), polyethylene terephthalate (PET) and polystyrene (PS) 
(Plastics Europe n.d., Annual Review 2017-2018). 

Applications of plastics are innumerable and invaluable; however, the 
widespread use of synthetic polymers on the one side, together with their high 
durability on the other, is a great disadvantage with regard to its persistence in 
the environment. Plastics, when introduced—accidentally or deliberately—into the 
environment, pose a long-term and increasing challenge and threat to the environment, 
including the marine biota and, lastly, human population (Wright and Kelly 2017; 
Rist et al. 2018). Unfortunately, recycling of plastics is performed only to a very 
small extent. For example, in 2013 only 14% of the total mass of plastic packaging 
materials was recycled, whereas a bulk of around 72% was either dumped in landfills 
or released into the marine environment (World Economic Forum 2016). However, 
besides landfills, a large proportion of plastic waste is currently incinerated and used 
for energy production. 

In 2014, the United Nations Environment Program (UNEP) identified plastic 
pollution in the oceans, and its consequences for the marine ecosystem, as one of the 
top ten emerging global environmental problems (UNEP 2014). 
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On average, more than eight million metric tons of plastics are dumped into 
oceans every year (Jambeck et al. 2015; UNEP 2017), leading to spectacular examples 
of plastic litter accumulation in the oceans, for example, the Pacific garbage patch, 
North Atlantic garbage patch (Atlantic Ocean), and Indian Ocean garbage patch 
(Lebreton et al. 2018; Dabrowska et al. 2021). Approximately five trillion tons of 
plastic debris are estimated to be floating in the oceans around the globe (Eriksen 
et al. 2014; Barboza et al. 2018). The severity of plastic pollution is highlighted by 
reports of plastics in previously pristine marine waters such as the Antarctic, Arctic 
and the deepest point on earth (Mariana Trench) (Mendoza et al. 2018; Ross et al. 
2021). However, the estimate that there will be more plastics in the oceans (by weight) 
than fish by the end of the year 2050 is false or at least uncertain, because there is 
uncertainty over the methods used to estimate both fish populations and the amount 
of plastic in the oceans (GRID-Arendal 2021). 

While considerable amounts of the plastics end up in marine ecosystems, they 
affect marine organisms via entanglement and/or ingestion. Entanglement in plastic 
litter has been reported for a wide variety of organisms including mammals and 
cetaceans (Laist 1997; Gall and Thompson 2015; Uddin et al. 2020; Khalid et al. 2021). 
In addition to all kinds of drifting plastic debris, fragments of discarded or lost 
fishing nets are of particular danger. Once entangled, organisms suffer from reduced 
mobility and feeding, or at worst can drown, suffocate and become strangulated 
(Li et al. 2016). 

Ingestion of plastic particles, mistakenly considered as food, occurs in most 
marine organisms ranging from plankton to fish, birds and turtles. When ingested, 
plastics cannot only lead to irritation and injuries in the digestive tracts of organisms, 
but can also result in a false sensation of satiation, impacting the fitness and 
reproduction of marine organisms (GESAMP 2016; Andrades et al. 2019; Zantis 
et al. 2021; Lopez-Martinez et al. 2021; Akindele and Alimba 2021). 


1.2. Primary and Secondary Microplastics 


Plastics are very resistant to decomposition and may stay in the environment 
for centuries (Rhodes 2018). Several processes of embrittlement and weathering 
at sea, including UV-B-induced photo-oxidation, hydrolysis, thermal degradation, 
biodegradation and mechanical erosion lead to plastic fragmentation. Additionally, 
mechanical properties such as strength, hardness, ductility and stiffness can 
vary significantly among different types of plastics. During the slow process of 
decomposition, large plastic particles eventually break down to meso-, micro- and 
nanoplastics, commonly known as secondary microplastics. 
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By definition, marine plastic debris is divided into four size categories: 
macroplastics (>20 mm), mesoplastics (5-20 mm), microplastics (<5 mm) and 
nanoplastics (<100 nm) (Frias and Nash 2019; Hartmann et al. 2019; Hidalgo-Ruz 
et al. 2012). Sometimes the term mega-plastics (>100 mm) is used. Eventually, 
the National Oceanic and Atmospheric Administration (NOAA, Silver Spring, MD, 
USA) and the European Marine Strategy Framework Directive (Directive 2008/56 
2008) Technical Subgroup on Marine Litter proposed that plastic debris < 5 mm be 
considered microplastics; this definition is most frequently used. Despite this 
consensus, it would be more appropriate to consider plastic particles smaller 
than 1 mm as micro-plastics, as the prefix micro refers to the micrometer range 
(Van Cauwenberghe et al. 2015). Even more, in order to avoid a gap in size between 
micro- and nanoplastics, a meaningful size definition for microplastics would be 
100 nm to 5 mm, as nanoplastics are defined by the International Union of Pure and 
Applied Chemistry (IUPAC) as smaller than 100 nm (Vert et al. 2012). However, the 
definition of primary and secondary microplastics is still debated, as the boundaries 
are not always very clear or useful. For instance, tire particles and microfibers are 
both derived from fragmentation and wear-and-tear of larger objects, similar to 
most secondary microplastics. It should be noted further that different terms are 
sometimes used, e.g., fragments, pellets, beads, granules, spherules, discs, fibers, 
filaments, plastic films, foamed plastic, Styrofoam, etc. (Hidalgo-Ruz et al. 2012; Frias 
and Nash 2019; Hartmann et al. 2019). 

A second type of microplastics called primary microplastics is directly 
manufactured in <5 mm sizes and released accidentally into the environment. 
These particles include microfibers used in textiles, microbeads or micro-pellets used 
in facial cleansers, toothpaste and cosmetics, industrial scrubbers used for abrasive 
blast cleaning and capsules for drug delivery (Ivleva et al. 2017). In addition to being 
produced as intended products, wastes from manufacturing processes or derivatives 
from erosion and tearing in the use of large plastic products, such as tires, wheels, 
boards, etc., belong to this type of microplastics (Sieber et al. 2020). 

Primary microplastics resulting from personal cleaning products are introduced 
into the oceans via sewage effluents (Mintenig et al. 2017; Gago et al. 2018). Synthetic 
fibers are released from clothing due to mechanical forces acting in washing machines 
(Imhof et al. 2016; De Falco et al. 2018). These findings underline the importance of 
household inputs. Moreover, considerable volumes of sewage sludge and effluent 
are discarded into the sea. For example, the concentration of microplastic particles 
in sludge was recorded in the range from 6.7 x 10° to 62.6 x 10° particles per 1 kg 
dry matter (Eckert et al. 2018). Virgin pellets used in the polymer industry enter 
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the environment due to accidental or deliberate spillage from factories, or during 
transport (Hidalgo-Ruz et al. 2012). Additionally, wind, storm events, soil erosion 
and run-offs from drainage basins play an important role in the entry of microplastics 
from land-based sources into aquatic systems (Vianello et al. 2013). It has been 
estimated that 1.5 million tons of primary microplastics are released into water yearly, 
and that microplastics have already been ubiquitously reported in almost all aquatic 
habitats of the planet, from the open seas to deep oceans, river, lakes, the water 
column, and sediments (Picó and Barceló 2019). 

Marine debris originating from land were estimated at 80%, including riverine 
and direct inputs (Mani et al. 2016). The remainder was attributed to shipping such as 
industrial, fishing and recreational boating activities (Claessens et al. 2011). In aquatic 
environments, microplastics can be located at the surface, in the water column and in 
bottom or beach sediments. Even deep sea sediments have been found to serve as an 
ultimate repository for microplastics (Woodall et al. 2014; Cunningham et al. 2020). 

Factors determining the distribution of microplastics in the oceans are 
enormously complex and make it difficult to establish precise quantitative modeling 
and meaningful data correlation (Van Sebille et al. 2020). Horizontal transport is 
presumably dependent on currents and waves, while vertical transport is probably 
influenced by temperature but also, of course, by densities, sizes and shapes of 
the particles. It appears plausible that the highest concentrations of microplastics 
are present in coastal regions or in regions with high anthropogenic activities, i.e., 
industrial, shipping, fishing or touristic. 

Taken together, it is clear today that microplastic occurrence is a globally 
omnipresent phenomenon. However, effects are still largely unknown but are 
increasingly the subject of scientific scrutiny, as microplastic pollution is suspected 
to rapidly increase in water bodies in the future (Wright and Kelly 2017; Rist et al. 
2018). Moreover, even smaller plastic particles, the so-called nanoplastics, represent 
a potentially hazardous material as well, especially due to their smaller sizes and 
unpredictable impacts at cellular level. 


1.3. The Impact of Microplastics on Marine Biota 


Importantly, due to their small size, micro- and nanoplastics are of particular 
concern as: (1) they can move fast and far in the environment; (2) they have a 
relatively large surface for sorption of pollutants and constituent chemicals; (3) 
they may contain additives, such as plasticizers, inorganic fillers, thermal and UV 
stabilizers, fire retardants and colorants, etc.; (4) they can migrate through tissues of 
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animals; (5) they can easily enter the food web and concentrate along trophic levels 
up to human beings (Huang et al. 2020). 

The extent of deleterious physical impact on biota caused by microplastics is 
currently not exactly known (Rochman et al. 2016; Bucci et al. 2020). Microplastics 
can be regarded as a size equivalent to lower trophic level biota as macroplastics are 
to higher biota; therefore, the ingestion potential of microplastics must be considered. 
Higher trophic planktivores might mistake microplastics for prey or passively ingest 
them with prey, due to their high resemblance to planktonic organisms. Factors that 
affect ingestion of microplastics by lower trophic level biota are density, size, shape, 
color and abundance, making its role as a contaminant in the marine food web highly 
complex. 

For example, microplastics (fluorescent polystyrene beads) are taken up by 
zooplankton, i.e., different copepod species (Cole et al. 2013; Kokalj et al. 2018; 
Wang et al. 2019a). Filter feeding organisms, detritivores and planktivores ingest 
microplastics, because they appear in the same size range as sediment particles and 
certain planktonic organisms. Once absorbed microplastics can impact the health of 
marine organisms, causing internal abrasions, ulcers, gut blockages and starvation; 
factors that may ultimately lead to an imbalance in the whole ecosystem by affecting 
some species more than others (Cappello et al. 2021; Lépez-Martinez et al. 2021; 
Missawi et al. 2021; Teng et al. 2021). 

Thus far, the issue of systemic absorption of microplastics by marine organisms 
has been controversially discussed. Whereas some studies reported the accumulation 
of microplastics in the hemolymph and hemocytes of mussels (Browne et al. 2008; 
Magni et al. 2018; Cappello et al. 2021), it has indeed been shown that blue mussels 
took up microplastics into their cells and tissues, causing a significant decrease in 
lysosomal membrane stability and formation of granulocytoma (Moos et al. 2012). 

De Witte et al. (De Witte et al. 2014) reported the uptake of microplastic fibers 
by wild mussels from Belgian retailers and the Belgian coast, respectively, linking the 
problem of microplastic contamination directly to human consumers. 

It can be assumed, on the basis of uptake by lower trophic organisms, that 
transfer of microplastics to the marine food chain and subsequent biomagnification 
may occur (Huang et al. 2020). The occurrence of microplastics in fish has already 
been observed in different demersal, mesopelagic and pelagic fish species (Lusher 
et al. 2013), providing a possible entry path to higher trophic levels of the food chain, 
such as tunas, squid and other predators (Boerger et al. 2010; Romeo et al. 2015; 
Chagnon et al. 2018; Oliveira et al. 2020; Zhang et al. 2021). 
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1.4. Microplastics as Vectors for Hydrophobic Organic Compounds, Metals and Microbiota 


As a matter of fact, microplastics can absorb surrounding persistent organic 
pollutants (POPs) and/or heavy metals, and serve as attachment media for 
microorganisms. Thus, microplastics may act as vectors for lipophilic toxic chemicals 
and microbial pathogens to organisms (Koelmans et al. 2016; Besseling et al. 2019; 
Hildebrandt et al. 2020; Nobre et al. 2020; Qiu et al. 2020; Sharma et al. 2020). 
Of similar relevance is that microplastics release toxic additives contained in almost 
all plastic materials. Once degraded enough, microplastics can also release plastic 
monomers, thereby gaining another level of environmental relevance. More than 
50% of plastics are associated with hazardous monomers, additives and chemical 
byproducts (Lithner et al. 2011). 

For example, Mato et al. (2001) found microplastics to strongly accumulate 
polychlorinated biphenyls (PCBs) and dichlorodiphenyldichloroethylene (DDE), 
with concentrations elevated by 10°-10° in the surrounding seawater (2001). These 
findings result from the high hydrophobicity of the compounds, which is explained by 
high octanol/water partition coefficients (Log Kow). Especially values for PCBs and 
polycyclic aromatic hydrocarbons (PAHs) are alarmingly high, since dioxin-like PCBs 
and different PAHs are toxic chemicals that impact the ecosystem and human health. 
It is worth noting that these compounds have been classified by the International 
Agency for Research on Cancer (IARC) as Group 1 carcinogens. It has, therefore, 
been hypothesized that ingestion of microplastics by aquatic biota increases the 
bioaccumulation of anthropogenic pollutants (Nobre et al. 2020; Qiu et al. 2020; 
Sharma et al. 2020; Pandey et al. 2021). Microplastics may further serve as transport 
vehicles for POPs between different contamination areas (Wang et al. 2020). 

In this context, the relevance of metals sorbed to plastic particles is still poorly 
understood and appears negligible compared to POPs. Nevertheless, accumulation 
of metal occurs. Microplastics were exposed to different metals in harbor sea water 
for eight weeks resulting in the following order of metal accumulation: Fe > Al > Mn 
> Pb > Cu,Zn > Ag (Ashton et al. 2010). 

Microplastics also constitute a possible vehicle for transport of microorganisms, 
including potentially pathogenic microorganisms such as Vibrio spp. (Kirstein et al. 
2016). In general, this transporting mechanism might introduce alien species 
into ecosystems or influence whole populations by serving as a hard-structure 
habitat for rafting communities and as an oviposition resource (Naik et al. 2019; 
Bowley et al. 2021). 
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1.5. Microplastics and Climate Change 


For future scenarios, an interesting question is whether the expected global 
climate change will intensify the negative effects of microplastics on life in the oceans. 
This is an emerging issue with only few reports to date. Hiltunen et al. (2021) 
studied effects of decreasing food quality, temperature increase and microplastic 
exposure on the model freshwater cladoceran Daphnia magna and did not find any 
impact of microplastics on survival, size nor reproduction. Likewise, an increase 
in water temperature significantly affected the activity, energy reserves, oxidative 
stress and immune function of the freshwater mussel Dreissena polymorpha, while, in 
contrast, the effects by microplastics were limited to a change in the antioxidative 
capacity without any interactive effects between microplastics and thermal exposure 
(Weber et al. 2020). 

However, since the ocean is the largest active carbon pool on the planet and 
plays an important role in global climate change, marine plastics may impact the gas 
exchange and circulation of marine CO), thus causing more greenhouse gas emissions. 
This aspect has recently been discussed by Shen et al. (2020), who hypothesized that 
marine microplastics affect photosysthesis, growth, development and reproduction 
of phyto- and zooplankton, respectively, thereby affecting the ocean carbon stock and 
contributing to global warming. 


1.6. Outlook 


Aside from the occurrence of microplastics per se, one current problem is the 
difficulty to establish the distribution and to quantify the amount of microplastics 
in waters which is attributed to the lack of proper and harmonized sampling and 
analysis methods (Bord6s et al. 2021; Kirstein et al. 2021). This concern is parallel to 
the increase in introduction of microplastics into the marine environment, and the 
fact that microplastics are very stable and stay in the environment long after they 
are discarded. 

Despite the fact that there has been rapid development of research on 
microplastics in the last 15 to 20 years, it is imperative to find approaches to 
prevent water pollution by microplastics today. In more detail, there is a critical need 
for standardization of sampling and detection techniques, i.e., the development of 
standard operation procedures (SOPs), subsuming sampling, separation, purification 
and detection, to warrant inter-study comparability of findings (Bordos et al. 2021; 
Kirstein et al. 2021). This would help to quantify and trace back microplastics 
occurrence and determine its impact on biota and habitats. In addition, approaches to 
remove microplastics from water sources, including biotechnology and engineering 
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tools are to be urgently developed. Finally, reliable scientific findings may strengthen 
the political impetus and drive the industry to take responsibility for contributing to 
the resolution of the microplastic problem. 


2. Persistent Organic Pollutants (POPs) 


2.1. Introduction 


In 2001, after long negotiations under the auspices of the United Nation 
Environmental Programme (UNEP), an international agreement was adopted 
regarding the tremendous effects of persistent organic pollutants on the environment 
and nature. The resulting Stockholm Convention was effective from May 2004 
(UNEP 2018a). The subject of this agreement was the ambitious goal to eliminate 
twelve halogenated compounds, the so-called “dirty dozen”, which have been 
identified as extremely harmful to the environment (UNEP 2018a). 

The term “persistent organic pollutants’—commonly called POPs, describes 
different groups of halogenated compounds. Some of them can emerge from natural 
incidents, e.g., during volcanic eruptions or forest fires (El-Shahawi et al. 2010), 
but their main origin is anthropogenic release. Most of the POPs are chlorinated or 
brominated aromatics, for example, polybrominated diphenyl ethers (PBDE) such as 
the flame-retardant decabromodiphenyl ether (c-deca-BDE), PCBs, organochlorine 
pesticides such as dichlorodiphenyltrichloro-ethane (DDT) and lindane as well 
as polychlorinated dibenzo-p-dioxins and -furans (PCDD/Fs) whose best-known 
representative is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) (Jones and de Voogt 
1999; Harrad 2010). In the Stockholm Convention, POPs from anthropogenic 
origin were divided into three fundamental groups: pesticides, industrial chemicals 
and unintentional products (byproducts) of the chemical industry. As of 2019, 
24 compounds and groups were listed to be eliminated from industrial use, seven as 
unwanted byproducts (producers have to take care that their release is minimized), 
and two belong to a category of compounds whose use is only permitted under 
restricted conditions (UNEP 2018a). One of them is DDT, an insecticide used on 
a larger scale in the fight against malaria but which, on the other hand, was also 
responsible for the near extinction of many fish-feeding birds during the 1950s 
(Vitousek et al. 1997). Although of little acute toxicity, DDT and its metabolites such 
as dichlorodiphenyldichloroethylene (DDE) and -ethane (DDD) alter the calcium 
homeostasis in birds, resulting in thin, fragile eggshells (Helander et al. 1982; Fry 
1995). The near extinction of its most famous symbol of freedom, the bald eagle, 
made USA one of the first states to ban the use of DDT by 1972 (Ehrlich et al. 1988). 
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From the beginning of the last century until today, several million tons of 
POPs have been produced, including over 1.3 million tons of PCBs alone (Jamieson 
et al. 2017). POPs have been released into the environment: intentionally, by waste 
dumping such as with the pesticides DDT and lindane; accidentally, such as with 
2,3,7,8-TCDD in the Seveso disaster (Bertazzi and Domenico 1994); as byproducts 
of insufficiently produced chemicals (e.g., 2,3,7,8-TCDD in the herbicide “Agent 
Orange” during the Vietnam war) (Stellmann et al. 2003); and from contaminated 
waste disposal and burning (Lammel et al. 2013). They are semi-volatile, hydrophobic 
and fat soluble. As the name implies, these substances have extremely long biological 
and ecological half-life due to their robustness against UV-light and biodegradation. 
They have the potential to be distributed to remote areas (Hung et al. 2016) and, most 
importantly, show harmful effects in humans and biota (Harrad 2010; Vassilopoulou 
et al. 2017; Landrigan et al. 2020). 

The effects of persistent organic pollutants on marine organisms are as manifold 
as the group itself. Their role as endocrine disruptors has been studied in many 
different marine species. Some examples include the influence on sexual hormones of 
zebrafish (0.08—0.8 ng/day TCDD; (Hutz et al. 2006)), feminization of male individuals 
of goby (2-30 pg/L TCDD; (Wu et al. 2001)), inhibition of growth and development of 
mummichog larvae (80-1250 pg/g wet weight (w.w.) PCB-126; (Rigaud et al. 2013)), 
weight loss and lower metabolism in the European eel (7 pg/g bodyweight PCB-126; 
(Van Ginneken et al. 2009)), reduced level of thyroid hormone in salmon (>1 pg/L 
aroclor 1254; (Lerner et al. 2007)), lower survival rates of juvenile rainbow trout to 
pathogenic bacteria (microinjection of 0.4 to 2 ug/egg clophen A50; (Ekman et al. 
2004)) and reduced sperm counts in male guppies exposed to food dosing (10 ug/mg 
DDE; (Kinnberg and Toft 2003)). 

High-lipophilic POPs, such as PCB-153, biomagnify through piscivorous food 
webs. Kelly et al. (2007) found that compounds with a medium lipophilicity but 
high octanol-air distribution coefficient accumulate in marine mammalian food 
webs, but not in the piscivorous food web. For 8-HCH, a polychlorinated hexane 
and byproduct of the production of the insecticide Lindane, a biomagnification 
factor below 1 (no magnification) was found for predatory fish, but 45 (strong 
magnification) for marine mammals. In comparison, for PCB-153 a biomagnification 
factor of 7.7 (predatory fish) and 45 (marine mammals) was determined (Kelly et al. 
2007). Concentrations of 70-1300 ug/g lw. of DDT and 260-1500 ug/g lw. of PCB 
resulted in eggshell thinning and reproductive failure of white-tailed eagles (Helander 
et al. 1982, 2002; Sonne et al. 2020). 
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For marine mammals such as Baltic grey seals, high concentrations of PCBs and 
DDTs affect the reproductive system. Concentrations of 100 ug/g lipid weight (1.w.) 
caused elevated cortisol production, causing hyperplasia of adrenal glands, reduced 
bone density and skin changes, as well as changes in the female reproductive system, 
e.g., occlusions, stenosis and tumors of the uterus (known as the Baltic seal disease 
complex) (Letcher et al. 2010; Sonne et al. 2020). They also act as endocrine disruptors 
for cetaceans, interfering with steroid hormones (Hoydal et al. 2017). Blubber samples 
from bottlenose dolphins indicate an association between high concentrations of DDT 
and its metabolites, and impaired testosterone homeostasis (Galligan et al. 2019). 

Today, some forty years after the ban of DDT in many EU countries (Macgregor 
et al. 2010), and more than a decade and a half after the Stockholm Convention 
came into force (UNEP 2018a), persistent organic pollutants can still be detected in 
numerous marine organisms worldwide—albeit in decreasing concentrations. Even 
in pristine areas such as the Arctic (Letcher et al. 2010; Ma et al. 2016) and the Hadal 
zone (6000—11,000 m), the deepest zone of the ocean, considerable amounts have 
been detected. Jamieson et al. (2017) evaluated the number of PCBs and PBDEs in 
amphipod crabs in two deep sea trenches (Mariana and Kermadec) in the North 
and South Pacific at depths down to 10,025 m. The mean values of 382.28 ng/g dry 
weight (d.w.), 25.24 ng/g d.w. of PCBs, and the lower but still detectable levels of 
PBDEs (5.82-28.93 ng/g d.w. In Mariana and 13.75-31.02 ng/g d.w. In Kermadec) 
were found. Compared to crabs from one of the most polluted rivers in China, the 
Liaohe River, with PCB concentrations between 3.61 and 5.48 ng/g d.w. (Teng et al. 
2013), the amounts measured in the Mariana trench were almost a hundred times 
higher (Jamieson et al. 2017). This also impressively displays the global transport 
capabilities of the oceans. 


2.2. POPs in the Baltic Sea 


POPs are one of the groups under investigation by the Baltic Marine Environment 
Protection Commission (HELCOM). For the Baltic Sea, a region often referred to be 
one of the most polluted seas (Rheinheimer 1998), concentrations of different sorts of 
POPs are monitored in biota (HELCOM 2010). Layer-by-layer analysis of sediment 
cores collected from costal and offshore areas of the Baltic sea are used to trace the 
course of POP contamination. While developing relatively slowly during the first 
half of the twentieth century, a massive increase in concentration was found in layers 
between the 1960s and 1980s, resulting in a total of up to 28 ng/g dry weight of eight 
PCBs (Sobek et al. 2015). The highest levels were found in the more southern spots, 
which correlated with distance to the source of emissions. Since the 1990s, following 
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their phase out, there has been a clear trend of decreasing concentrations. For samples 
taken offshore, there was an observed delay of about ten years in the decrease in 
PCB concentrations. However, for hexachlorobenzene, even a slight increase in 
concentration starting in 2000 was found in these samples. From the data gained, 
half-lives of PCBs and PCDD/Fs in sediments of the Baltic were calculated to be 
14 + 5 years near the coast and 29 + 15 years in offshore regions. (Sobek et al. 2015). 

For Baltic grey seals, whose population had been heavily reduced by effects 
of the Baltic seal disease complex on their female reproductive system during the 
1970s, e.g., leiomyoma, stenosis and occlusions of the uterus (Desforges et al. 2016), 
severely decreasing trends for PCB and DDT levels have been found in liver samples 
collected between 1981 and 2015 (Schmidt et al. 2020). The same was observed for 
mean total PCBs and DDTs in the blubber of juvenile grey seals, which decreased 
from 110 mg/kg 1.w. (PCBs) and 192 mg/kg lw. (DDTs) in 1968 to 15 and 2.8 mg/kg 
l.w., respectively, in 2010. This correlates with a 100% decrease in uterine obstruction 
and leiomyoma, since 2000, and 100% increased pregnancy frequency (Roos et al. 
2012). Similar decrease in POP concentrations has been found in white-tailed eagle 
eggs and sea otter muscle tissue (Roos et al. 2012). In herrings caught from the Gulf 
of Bothnia, PCBs and PCDD/Fs reduced by 82-86% between 1978 and 2009, from >50 
to <10 pg/g fresh weight for individuals > 5 years, and from 15 to 2 pg/g f.w. for 
younger fish. However, 45% of the fish caught in 2009 still contained more than the 
maximum EU allowable concentration of PCDD/Fs (3.5 pg/g f.w. toxicity equivalents) 
and 36% more than that allowed for PCDD/Fs and PDBs (6.5 pg/g f.w.) (Airaksinen 
et al. 2014). Nyberg et al. (2015) found a decrease of 60-80% for CB-153 since 1988, 
90% for DDE since the late 1970s, and 90% for HCHs and HCBs since 1979, e.g., in 
herring, guillemot and blue mussel. CB-118 and DDE, however, still exceeded the 
OSPAR target values, with 24 ng/g lipid and 5 ng/g wet weight, respectively. 

While the concentrations of the heavily regulated or banned POPs such as PCBs, 
PCDD/Fs and DDTs steadily declined, new organohalogen compounds, such as 
organophosphate esters (OPEs), halogenated flame retardants (HFRs) and chlorinated 
paraffins (CPs) were recently found in different species from the Baltic sea (De Wit 
et al. 2020). Some of them have biomagnification potentials comparable to p,p-DDE 
and CB-153. As toxicity data are still lacking, monitoring these substances is necessary 
(De Wit et al. 2020). 


2.3. Climate Change Might Cause Re-Emission of Legacy POPs 


Thus far, the influence of anthropogenic climate change on the fate and 
re-emission of legacy pops has not been well researched or understood. However, 
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there is much evidence to suggest that rising air and water temperatures, ice retreat, 
and permafrost thawing could promote re-emission of these substances (Ma et al. 
2011) and alter their bioaccumulation (Borga et al. 2010; Ma et al. 2016). Re-emission 
of POPs such as PCPs and PCDD/Fs from glaciers has already been observed, with 
the highest concentrations measured in the vicinity of marine-terminating glaciers. 
Thus, ocean warming has a direct influence (Kobusinska et al. 2020). The gradual 
decrease or even slight increase in HCB levels in Artic air and ringed seals might also 
be caused by re-emission (Rigét et al. 2020). Studies from the Chinese Lake Chaohu 
have shown that the effect of rising temperatures can affect both re-emission and 
deposition of POPs (Zhang et al. 2019). While the former was observed for DDTs 
and PAHs, increased biological activity in the lake and the subsequent enhanced 
sedimentation have led to a reduction in PCB levels (Zhang et al. 2019). In the highest 
trophic levels of marine food webs, for example, killer whales, a 3% increase in PCB 
concentration by 2100 was calculated using North Pacific Ocean data, as opposed 
to a scenario without increased CO, emissions (Alava et al. 2017, 2018). Despite 
these evidence, there are still large gaps in our knowledge on the influence of global 
transport and release processes on the release of legacy POPs, emphasizing the urgent 
need for further data collection and monitoring (Nadal et al. 2015; Wang et al. 2019b). 


2.4. Outlook 


Although the usage of persistent organic pollutants, such as DDTs, PCBs, 
and PCDDs, were banned by the Stockholm Convention nearly twenty years ago, 
they can still be detected in decreasing but relevant amounts in marine species, even 
in pristine areas such as the Arctic and deep-sea trenches. Species such as grey seals 
and Baltic white eagle, however, whose reproduction rates in the past were drastically 
reduced by high concentrations of POPs, have been able to recover during the last 
twenty years. 

Causes for concern are a new generation of organohalogen compounds, such 
as chlorinated paraffines, new halogenated flame retardants and organophosphate 
esters, which have shown persistence and bioaccumulative potential, and should 
also be monitored in marine organisms (De Wit et al. 2020). Some of them, such as 
the short chained chlorinated paraffines, have recently been added to the Stockholm 
Convention (UNEP 2018a). 

Another focus of current research is the interaction between POPs and 
microplastics. It is considered that microplastics could affect the uptake of POPs 
by marine organisms (Gassel and Rochmann 2019). Microplastics can accumulate 
large amounts of hydrophobic organic compounds, and studies have shown that 
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microplastics can be a vector for the transport of POPs into marine organisms 
(Scopetani et al. 2018). On the other hand, microplastics seem to have relatively low 
influence on the global POP cycle, as the fraction of POPs sorbed to microplastic is 
relatively low (Koelmans et al. 2016; Ziccardi et al. 2016). However, some authors 
have raised the question of whether microplastics themselves should be classified 
as POPs because of the parallels in their properties, e.g., persistence, long-range 
transport and accumulation tendencies (Lohmann 2017). 


3. Metals as Pollutants in Marine Environments 


3.1. Introduction 


Compared to artificial pollutants such as plastics, pharmaceuticals, fertilizers 
or explosives, metals have a special role: as elements, they have always been part 
of marine cycles and ecosystems. They can neither be created nor eliminated—only 
released from geological sources or deposited and biologically transformed 
(UNEP 2018b). 

Sources of metal entrance into marine systems are manifold. They are released 
into the atmosphere by geological processes such as volcanic eruptions or rock 
weathering; natural cycles have existed long before human impact. These natural 
cycles are disturbed by the anthropogenic release of metals, e.g., by mining and 
smelting, combustion of fossil fuels and wastes, or as chemical compounds of various 
functions, which, in most cases, far exceed the natural release (Nriagu and Pacyna 
1988; Dixit et al. 2015). As a result of their persistent nature, removal of metals from 
the cycles occurs only by sedimentation in the deep seas. 

Arsenic is acommon element and naturally found in sediments and ocean water. 
Forty-five kilotons per year (kt/y) are released by natural sources, mainly by volcanic 
activity and upwelling of deep ocean water. Anthropogenic sources such as mining 
and smelting of gold and other non-iron metals, and industrial sewage contribute to a 
comparable amount (Neff 1997). Ocean water has a mean total arsenic concentration 
of 1.7 ug/L. Arsenic occurs in many inorganic and organic forms with large differences 
in toxicity and bioaccumulation. Therefore, the total has relatively little informative 
value (Neff 1997). While inorganic arsenic, which makes the biggest contribution of 
total arsenic in seawater, is accumulated in low trophic level species, it seems to be 
transformed to less toxic organic compounds. Most aquatic organisms seem to have 
a relatively high tolerance for inorganic arsenic (Neff 1997). Edible algae containing 
large amounts of arsenic could be a threat to human health (Neff 1997). Marine 
animals seem to accumulate only small amounts of arsenic, as it is excreted rapidly 
(Neff 2002) and no biomagnification is observed (Rahman et al. 2012). In organisms 
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of higher trophic levels, less arsenic is found mostly as non-toxic arsenobetaine 
(Rahman et al. 2012). 

Due to the toxic effects of cadmium, its uses are relatively limited. Cadmium 
is only mined as a side product of other metals such as zinc and copper, and often 
released into the atmosphere. In former times cadmium was used for alloys, 
electroplating and pigments. However, due to severe nephrotoxic effects, nowadays 
its use is limited mainly to batteries and semiconductors (Cullen and Maldonado 
2013). The annual natural atmospheric release is as low as 0.14—2.5 kt/y, together with 
anthropological releases from recycling and mining activities of 3 kt/y (WHO 2003). 
Cadmium shows little to no effect of biomagnification through marine food webs 
(McGeer et al. 2003). High concentrations are found in low trophic levels such 
as seaweed, clams and mussels; higher trophic levels contain much less per gram 
wet weight (w.w.) (Table 1) (Almela et al. 2006; Falco et al. 2006). In the gland 
of squids in South-western Atlantic, cadmium levels of up to 1 mg/g w.w. have 
been found (Lischka et al. 2018). The extreme long half-life of cadmium in the 
body (>10 years) and its nephrotoxicity make it a threat to humans and marine 
mammals (Jakimska et al. 2011). Experiments with marine organisms of different 
trophic levels have shown increasing DNA damage at aquatic concentrations as low 
as 0.59 ug/L. At higher levels, survival and larval development were found to be 
reduced (Pavlaki et al. 2016). 


Table 1. Arsenic, cadmium, lead and mercury levels in commercially 
purchased marine species (ug/g wet weight) of different trophic levels. Source: 
Falco et al. (2006). 


Species As [ug/g w.w.] Cd [ug/g w.w.] Pb [ug/g w.w.] Hg [ug/g w.w.] 


Shrimp 3.85-8.76 0.01-0.03 ~0.01 0.02-0.19 
Mussel 2.02-2.44 0.02-0.20 0.09-0.21 ~0.02 
Squid 1.41-4.74 0.05-0.15 ~0.01 0.02-0.03 
Cuttlefish 2.45-5.33 0.01-0.09 0.01 -0.10 0.04-0.08 
Hake 3.22-4.55 <0.01 0.01-0.13 0.12-0.29 
Salmon 1.60-2.37 ~0.01 0.01-0.25 0.04-0.05 
Swordfish 1.78-2.44 ~0.01 0.01-0.02 1.59-2.22 
Tuna 0.99-1.25 0.01-0.02 0.10-0.02 0.38-0.58 


Being one of the most released metallic pollutants of the last century, atmospheric 
release of lead has dropped rapidly following the ban of tetraethyl-lead as 
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anti-knocking agent in gasoline, in response to its neuro- and reproductive toxicity, 
and carcinogenic nature (Wani et al. 2015). Like cadmium, it does not biomagnify 
throughout marine food webs (McGeer et al. 2003). Since the 1970s, efforts have 
been made to reduce the release of toxic metals, due to awareness of their impact on 
nature, human health and their economic consequences. The near worldwide ban 
on leaded gasoline between 1980 and 2017 resulted in a 92% decrease in lead in the 
surface water of the North Atlantic, down to ~3 ng/L (Boyle et al. 2014; Rusiecka 
et al. 2018). Between 1990 and 2017, the atmospheric release of lead decreased by 
93% (European Environment Agency 2019). 

Estimations for the current global mercury emission range from 6500 to 8300 kt/y, 
including 1900-2900 kt/y from anthropogenic sources, 4600-5300 kt/y from secondary 
emission of deposited mercury and only 80-600 kt/y from primary geogenic emissions. 
Artisan, small-scale gold mining and combustion of fossil fuels are the main source 
of anthropogenic mercury release (UNEP 2018b). Anthropogenic activities might 
have increased surface ocean mercury levels by 450-660% during the last 600 years 
and 300% within the last century (Zhang et al. 2014). 

Nine-tenths of mercury in the surface water of the ocean originate from 
atmospheric deposition. Commonly, it is found in the form of inorganic Hg! 
salts or as elemental Hg®. Microbiological transformation in sediments and the water 
column converts inorganic mercury to monomethyl-mercury (MMHg; CH3Hg"*). 
MMH eg constitutes only a minor fraction of the total aquatic mercury (0.5% in surface 
water, 1-1.5% in sediments) (Ullrich et al. 2001), but the majority (>95%) of the total 
mercury in marine organisms. Low aqueous solubility and its lipophilia ensure 
the accumulation of methyl-mercury in tissues of marine organisms, resulting in a 
biomagnification progress throughout trophic levels of marine food webs (Mason 
et al. 1995; McGeer et al. 2003). Lower levels, e.g., algae and mussels, usually contain 
relatively low concentrations of methyl-mercury, but long-living predatory fish such 
as swordfish, shark and tuna, or fish consuming mammals such as whales and seals, 
can accumulate large amounts during their lifetime (Table 2, (FDA 2017). MMHg 
has strong binding affinities to selenium and sulfur, and forms complexes with 
cysteine molecules in muscle tissues (Bradley et al. 2017). High concentrations of 
organic mercury in fish can become a threat to populations, with diets based on the 
consumption of large quantities of fish. Elevated levels of methyl-mercury can be 
problematic, as MMHg is neurotoxic (WHO 2003; Myers et al. 2015). The European 
Food Safety Authority, although highly recommending the consumption of fish, 
suggests to limit the ingestion of highly loaded fish, e.g., tuna, for children and 
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pregnant women, and advises to choose less contaminated species (EFSA Scientific 
Committee 2015). 


Table 2. FDA monitoring of mercury concentration in commercial fish and shellfish 
between 1990 and 2012. Source: FDA (2017), no specification whether dry or wet 


weight. 
Species Mean [ug/g] Max [ug/g] 
Scallop 0.003 0.033 
Shrimp 0.009 0.05 
Flatfish 0.056 0.218 
Herring 0.078 0.56 
Snapper 0.17 1.37 
Halibut 0.24 1.52 
Marlin 0.49 0.92 
Bigeye Tuna 0.69 1.82 
Shark 0.98 3.22 


While the highest amounts of mercury are usually found in long-living predators 
such as tuna, there are not only differences in concentration based on size and age 
of individuals, but also between individuals of the same or related species from 
different ocean basins (de Lacerda et al. 2017; Bezerra et al. 2019). It seems to be 
correlated with the natural mercury budget and anthropogenic release in the habitat 
area, as well as with the different production levels of methyl-mercury, based on the 
availability of organic material for microbial transformation. (Ferriss and Essington 
2011; de Lacerda et al. 2017). Comparable observations were made for concentrations 
of other metals and persistent organic pollutants. Currently, however, the number 
of studies on this is still relatively small, which makes a more precise assessment 
difficult (Bezerra et al. 2019). 


3.2. Impact of Climate Change on Marine Mercury Release 


Another aspect that must be considered when discussing metals as marine 
pollutants is the impact of climate change on their availability and reemission 
(Macdonald et al. 2005). Rising temperatures cause melting of glaciers, continental 
ice and permafrost soils, increasing the availability of organically-bound mercury 
(de Lacerda et al. 2020). In addition, atmospheric elemental mercury deposits in the 
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soils of the Tundra during snow-free months and is transported by Arctic rivers to 
the ocean (Obrist et al. 2017). Increased temperature fuels microbial methylation 
of mercury, resulting in better bioavailability (Emmerton et al. 2013) and higher 
biomagnification through different trophic levels in the arctic (Schartup et al. 2015; de 
Lacerda et al. 2020). Comparable observations, but with different mechanisms, have 
been made in semi-arid coastal areas in Brazil. Reduced annual rainfall and damming 
of rivers, as well as rising sea levels, extension of saline intrusion and expansion 
of mangrove areas, result in longer water residence time. This induces extended 
sulphate reduction mechanisms and elevated production of dissolved organic carbon, 
which is able to form complexes with mercury, making mercury bioavailable. As a 
result, ten times elevated mercury concentrations were found in shrimps L. vannamei 
from the estuary compared to individuals from upstream regions (de Lacerda et al. 
2020). Increasing levels of mercury have also been observed, starting from the 
mid-1990s in tuna caught in the North Pacific Ocean. Higher temperatures could 
alter metabolic processes, thus resulting in elevated mercury uptake into biota as 
well as changes of marine food webs (Grieb et al. 2020). 


3.3. Metal Pollution in the Baltic Sea 


Metal pollution is one of the issues being monitored by the Baltic Marine 
Environment Protection Commission (HELCOM). In sediment core samples from 
the Bothnian Bay, reflecting the heavy metal levels of almost a century, decreasing 
levels of Cd, Hg, and Pb have been found for the last 40 years. In contrast, arsenic 
remains at an elevated level of 50 mg/kg, with even an uncertain spike of >100 mg/kg 
in the mid-1990s. Levels have declined, but remain at 50 mg/kg (Vallius 2014). 
In herring livers and blue mussel soft bodies, decreasing lead concentrations were 
observed between 1998 and 2015 (HELCOM 2018). The highest concentrations in 
2015 were found in the Gulf of Finland (0.203 ug/g w.w. herring liver) and lowest 
concentrations in the Kattegat (0.01 ug/g w.w.). Even with a decreased atmospheric 
release of some 73% less mercury in the European Union between 1990 and 2017 
(European Environment Agency 2019), only 18 out of 66 biota sample data sets 
(herring muscle) indicated falling levels of MMHg. The majority still exceeded the 
threshold value (20 ug/g w.w.), and in five places values had even risen (HELCOM 
2018). For cadmium, the annual release in the European Union had fallen to 35% 
between 1990 and 2017 (European Environment Agency 2019). However, while Cd in 
the tissue of blue mussels from the Gdansk Basin between 2000 and 2016 had dropped 
by 60%, down to ~0.15 ug/g w.w., mussels from the Kattegat had accumulated 25% 
higher amounts between 1997 and 2013 (HELCOM 2018). 
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3.4. Munitions as a Source of Mercury and Arsenic in the Baltic Sea 


Concerning the Baltic Sea, another repository of metallic pollution must be 
mentioned. In the aftermath of the First and Second World Wars, quick solutions had 
to be found to get rid of huge stockpiles of both conventional and chemical weapons, 
and munitions. This problem affected all participating parties, but was focused on 
disarming the defeated Germans. Due to the enormous amounts, it was decided 
that the easiest and safest solution was to just dump the warfare material into the 
North and Baltic Seas (Beldowski et al. 2020). Ecological concerns were much smaller 
than the fear of misuse. Many of these weapons contained not only conventional 
explosives, but also compounds such as mercury fulminate (Hg(CNO)2) (Beldowski 
et al. 2019) in detonators and various chloro-organic chemical warfare agents such 
as Lewisite (Cp)H2AsCl3) or Clark I and II (I: [(C6Hs5)2AsCl], II: [((C6Hs5)2AsCN]) 
(HELCOM 1994; Garnaga et al. 2006). 

At the end of the twentieth century, the fear arose that these highly toxic arsenic 
compounds could leak from ammunitions and accumulate in biota and sediments. 
Even degradation would still lead to toxic, inorganic compounds (HELCOM 1994). 
Different studies on sediments close to munition dumping sites indicated that this 
process might have already happened to a small extent. Further studies are urgently 
needed and monitoring systems are to be developed to understand and follow the 
imminent consequences of this problem (Garnaga et al. 2006; Beldowski et al. 2016). 

For conventional munitions, Bełdowski et al. determined that 0.1% of the 
approximated >300.000 tons dumped to the Baltic Sea could be mercury, which is 
more than 300 tons in total. A conclusion from their findings was that, while the 
amount of mercury leaking from conventional weapons is relatively hard to evaluate 
from other sources, it may become a measurable source when land-based release 
further decreases (Betdowski et al. 2019) (see Section 4 for further details on munitions 
in the seas). 


3.5. Outlook 


The public awareness of metals as pollutants and their ecological and human 
health impact has increased during the last 50 years. National and international 
contracts have shrunk the anthropogenic emission of arsenic, cadmium, mercury 
and lead in Europe and North America, although emission remained high and even 
increased in Latin America, Africa and Asia. The near world-wide ban of leaded 
fuel led to significantly decreasing amounts of atmospheric lead. The release of 
mercury, however, is still high as a result of small-scale gold mining and combustion 
of fossil fuels. Due to the slow elimination of metals by sedimentation from the 
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global system, it will take decades to reach a pre-industrial level, even with no new 
emission. The biomagnification of monomethyl-mercury, with high levels found in 
long-living predatory fish and mammals, remains problematic. To face the worldwide 
mercury release problem, in August 2017, the United Nations Minamata convention 
came to power; aiming on achieving lower mercury emissions by banning mercury 
goods, and working on solutions to decrease the mercury output of gold mining 
and combustion (UNEP 2019). Climate change is an additional driver of marine 
mercury release, as rising temperatures favor the re-emission of mercury. This can 
already be observed in the Arctic as well as in semi-arid areas of the subtropics. 
Furthermore, dumped munitions contribute as a source of mercury and arsenic in 
marine environments. 


4. Munitions in Seas 


4.1. Introduction 


The intensive exploitation of the oceans by humans, overfishing and the discharge 
of hazardous substances pose great risks to marine ecosystems. Unfortunately, and in 
addition, the seas worldwide are threatened by a relatively new source of pollution. 
Millions of tons of all kinds of munitions are dumped into seas worldwide during and 
after war actions, e.g., First and Second World Wars. Besides the risk of detonation 
with increased human access (fisheries, cable constructions, wind farms and pipelines, 
ship traffic, tourism), leaching and distribution of toxic chemicals from corrosive 
munitions may accumulate in marine organisms, enter the marine food chain and 
directly affect human health. The usage of munitions increased especially at the 
beginning of the twentieth century and then had its summit during the World 
Wars. The reason the importance of dumped munitions nowadays, i.e., decades 
after its intentional disposal, is bigger than ever is the fact that metal munition 
housings are starting to corrode, thereby releasing their contaminants into the 
environment. Munitions contain different groups of hazardous substances such as 
organic explosive compounds, chemical warfare agents, various types of metals and 
other munition-structural components. Unfortunately, little is known about the fate 
of these components in the marine environment, and their behavior is only poorly 
understood regarding possible health effects on humans; knowledge on seafood, 
such as various kinds of fish, mussels and crustaceans that are consumed worldwide 
and may contain conventional explosives or chemical warfare agents is rather low. 
Howsoever, because of the extensive corrosion of the metal shells, the release of toxic 
compounds into the water column will increase over time (Beddington and Kinloch 
2005; Juhasz and Naidu 2007; Beck et al. 2018). 
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It is proven that explosive chemicals such as 2,4,6-Trinitrotoluene (TNT) and its 
derivatives are known for their toxicity and carcinogenicity (Bolt et al. 2006). Today, 
already measurable readings of explosive residues are detected in biota from the 
vicinity of the dumped munitions such as sea mines and others, a fact that already 
indicates the entry of these compounds into the marine food chain. Organic chemicals, 
as components of munitions, are transformed by a variety of mechanisms, abiotic 
and biotic, to products which are often no less toxic than their parent compounds. 
According to our current knowledge, complete degradation to harmless compounds, 
based on their chemical structures, e.g., nitroaromatics and nitramines, is not expected. 
Rather, they persist in the environment, for example, by sorption on sediments and 
other particles, and accumulate in plants and various types of animals as well as in 
microalgae and bacteria (Rosen and Lotufo 2010; Beck et al. 2018). 


4.2. Explosives and Chemical Warfare Agents in the Marine Environment 


In recent years, munitions in the seas have increasingly become the focus 
of research, and several studies have proven that munition compounds such as 
explosives and chemical warfare agents enter the marine environment. One important 
study was published in 2004 by Porter, Barton, and Torres about the naval gunnery 
and bombing range on the eastern end of Isla de Vieques, Puerto Rico, which 
took place between 1943 and 2003. Here, it was proven that the coral reefs are 
littered with leaking unexploded ordnance (UXO). In this study, samples were 
taken in the vicinity of an unexploded 2000-pound air-dropped bomb which was 
about to corrode. The data unequivocally show that toxic substances leaching from 
unexploded ordnance have entered the coral reef marine food web. TNT and other 
explosive chemicals have been measured in water, sediment and biota, for example, 
in dusky damselfish (Stegastes adustus), sea urchin (Diadema antillarum) and different 
kinds of corals (Porter et al. 2011). 

However, reports of explosives found in marine biota are not limited to the 
North Atlantic Ocean. In particular, the North Sea and Baltic Sea both belong to 
the largest areas contaminated with munitions. For instance, the German parts 
of the Baltic Sea and North Sea alone contain an estimated amount of 1.6 million 
metric tons of munitions (Böttcher et al. 2011). Gledhill et al. (2019) found several 
types of explosive chemicals in marine biota such as algae, asteroidea and tunicata 
which had been collected at Kolberger Heide, a known dumping ground for different 
types of munitions in the Kiel Bight in the Baltic Sea. The Kolberger Heide is a 
section of the western Kiel Bight at the entrance to Kiel Fjord, Germany, with a size 
of approximately 1.260 ha, located at a distance of three to five nautical miles to 
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the shoreline. It was used as an area for dumping munitions after World War II. 
In addition, in the last years, some torpedo heads and mines have been destroyed 
selectively in Kolberger Heide by blasting (Bottcher et al. 2011). Gledhill and her 
team found body burdens of octahydro-1,3,5,7-tetranitro-1,3,5,7-tetreazocine (HMX), 
hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX), 2,4,6-trinitrotoluene (TNT) and ten 
other explosives with concentrations up to the highest of nearly 25 ug/g in starfish. 
In two case studies, also carried out in Kolberger Heide, blue mussels (Mytilus 
spp.) were deployed selectively at corroding moored mines or loose hexanite lying on 
the seafloor. After three months, in the mussels deployed at the moored mines, body 
burdens of 4-aminodinitrotoluene (4-ADNT), a degradation product of TNT, was 
found—up to 10 ng/g mussel tissue (wet weight) (Appel et al. 2018). In mussels directly 
deployed at lumps of loose hexanite, 4-ADNT, 2-aminodinitrotoluene (2-ADNT) 
and TNT itself were found at total concentrations up to 260 ng/g mussel tissue (wet 
weight) (Strehse et al. 2017). Blue mussels are one of the most common seafood 
species worldwide and with these studies it has been proven that explosive chemicals 
may enter the marine and human food chain even after a short exposure period. 


4.3. Munition-Related Chemicals in Seafood 


Even though the presence of all kinds of munitions in seas has been known 
for decades, only few reports exist about explosives that have been determined in 
marine seafood species until now, especially compared to other sources of pollutants. 
The situation looks even worse with chemical warfare agents, because of the limited 
data. Chemical warfare agents were produced on a large-scale during World Wars I 
and II, and have also been disposed in the seas. In the Baltic Sea, for example, in the 
Bornholm Deep and the Gotland Basin as well as in the Skagerrak between Denmark 
and Norway, large dumping operations with chemical weapons took place. Within 
the Baltic Sea area 40,000 tons and in the Skagerrak 168,000 tons have been dumped, 
mainly arsenic-containing agents and sulfur mustard. Niemikoski et al. (2017) have 
published the first study that reports the occurrence of oxidation products of Clark I 
and/or II in marine biota. Clark I and II belong to a group of high toxic compounds, 
which were used during the trench warfare of World War I. Niemikoski and her team 
found the degradation products in lobster (Nephrops norvegicus) and a flatfish species 
collected at Måseskär dumpsite, an area in the eastern Skagerrak (Niemikoski et al. 
2017). However, only trace concentrations below the limit of quantification were 
detected, but laboratory exposure studies with chemical warfare agents demonstrated 
that indeed those compounds enter the marine biota, as has been demonstrated by 
Höher et al. (2019). 
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4.4, Toxicological Aspects 


Conventional munitions and chemical warfare agents are problematic from 
the toxicological point of view, for humans and the ecosphere. Besides the direct 
acute toxic effects of chemical warfare agents on humans (which were intended 
in war actions), chronic effects are yet to be considered as well for all groups of 
chemicals used in munitions. The expected effects could be highly diverse and there 
are fears that marine microorganisms as well as mammals or other higher organisms 
will be severely affected. In general, marine biota may be negatively influenced 
in their behavior, health, fitness, growth and germination. Some organisms, for 
example, mussels, seem to be more robust regarding chemicals used in munitions 
than other invertebrates as well as vertebrates such as fish (Rosen and Lotufo 2007). 
Additionally, differences must be considered between effects on adult or juvenile 
animals. For example, acute toxicity effects on shrimps have been observed at 0.98 
mg/L TNT in water. On mollusks, sub-lethal effects such as embryo development have 
been observed at 0.75 mg/L TNT (Beck et al. 2018). Such free water concentrations 
have been found near unexploded ammunitions in the areas of Isla de Vieques, Puerto 
Rico and at Kolberger Heide, Germany (Porter et al. 2011; Beck et al. 2019). 

Whereas the accumulation of TNT and RDX has been reported for marine flora 
and fauna species, it has also been suggested that different species of the marine 
biota metabolize munition compounds. There is some evidence that metabolites and 
transformation products, e.g., the TNT metabolites 2-ADNT and 4-ADNT, may be 
more toxic than the parent compound TNT. Furthermore, explosives and chemical 
warfare agents have recently been suspected to have sub-lethal genetic effects on 
marine organisms at relatively low water concentrations. It has been shown that 
significant changes in gene transcript expression took place in freshwater minnows 
after exposure to the explosive chemical RDX (Gust et al. 2011). Elevated cytotoxicity 
and genotoxicity have been observed in fish collected in the Baltic Sea, near munitions 
dumpsites (Beck et al. 2018). 


4.5. Latest Research Activities 


In recent years, research activities on the fate and effects of dumped munitions 
have increased considerably. At first, the main focus was on chemical warfare 
agents. In 2007 the “CHEMSEA” project started with the aim to learn more about the 
locations of dumping areas in the Baltic Sea, the content and state of the chemical 
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munitions, and how these respond to Baltic conditions.! The project was completed 
in 2013 and directly followed by the project “MODUM” (Towards the Monitoring 
of Dumped Munitions Threat). The goal of this project was the establishment of a 
monitoring network observing chemical weapon dumpsites in the Baltic Sea.? The 
projects “DAIMON” and “DAIMON 2” (Decision Aid for Marine Munitions), deal 
with the question on how to proceed with mapped and identified warfare objects. 
It will develop tools to support the governments in the Baltic Sea Region to help with 
decision-making on whether remediation is needed for both dumped conventional 
munitions and chemical warfare agents. “DAIMON 2” will end up in early 2021.° 

Between 2016 and 2019, “UDEMM” (Environmental Monitoring for the 
Delaboration of Munitions in the Sea) performed the first scientific monitoring ina 
known dumping area for conventional munitions.* The aim of this multidisciplinary 
approach was to identify the precise location of UXOs (unexploded ordnances) 
by detection with high-resolution methods such as multi beam, oceanographic 
mapping and modeling, analyzing sediment, water and biota for explosive chemicals, 
and to establish a biomonitoring system with blue mussels to observe a possible 
contamination of the environment with explosives. Importantly, the UDEMM project 
was closely connected to the project ROBEMM (Robotic Underwater Salvage and 
Disposal Process) with the technology to remove explosive ordnance in the sea, in 
particular in coastal and shallow waters. In 2018 the “North Sea Wrecks” (NSW) 
project started its work and is currently dealing with wrecks and munitions in 
the North Sea. NSW will provide tools for planners, economic actors and other 
stakeholders to assess and propose solutions for risk mitigation. 


4.6. Outlook 


In conclusion, it is meanwhile conceivable that munitions in the sea are a 
worldwide problem which has been ignored by the society for decades. Since the 
increased use of the oceans, munitions in seas have increasingly become a problem 
for the commercial society, such as the energy and communication sectors, because 
of disturbances during the building of wind farms, pipelines and cable constructions. 


See https://ec.europa.eu/regional_policy/en/projects/germany/chemsea-tackles-problem-of-chemical- 
munitions-in-the-baltic-sea (accessed on 19 January 2021). 

See www.nato.int/cps/en/natohq/news_136380.htm (accessed on 19 January 2021). 

See www.daimonproject.com (accessed on 19 January 2021). 

See https://udemm.geomar.de/ (accessed on 19 January 2021). 

See www.dsm.museum/forschung/forschungsprojekte/north-sea-wrecks (accessed on 19 January 
2021). 
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In recent years, it also became more and more visible that dumped munitions have 
started to corrode, and chemical constituents of these munitions now leak into the 
environment and affect flora and fauna. Studies on possible human uptake of these 
chemicals from contaminated fish or seafood are still pending. There are also initial 
indications that increasing global warming is accelerating the progress of corrosion of 
the metal casings of the munitions, and that the chemicals contained in the munitions 
are increasingly dissolving in water. Fortunately, society is starting to face this 
problem and has increased research activities with focus on munitions in the sea in 
the last few years. Nevertheless, until now, too little is known about the occurrence, 
fate, and effects of munition-related chemical contaminants and their impact on the 
environment and human health. To prevent an increasing ecological risk, the need 
for additional research, the closing of knowledge gaps and a better understanding of 
threatening long-term effects on the ecosphere and human health are mandatory. 


5. Pharmaceuticals in the Marine Environment 


5.1. Introduction 


Over the past centuries, alleviation and cure of diseases have remained an 
important part of human activities. In addition to the use of plant, animal and 
mineral ingredients or even human raw materials for centuries, synthetic active 
substances have become an integral part of modern medical therapy since the middle 
of the 19th century. Active compounds used in medical regimens for human and 
animals often have powerful effects and benefits in many areas of application. It is 
estimated that more than 2000 pharmaceutically active ingredients are currently in 
use worldwide (Bergmann et al. 2011). Unfortunately, approximately half of them 
have an impact on the environment. The chemical composition of pharmacologically 
active compounds is wide-ranging, from small, fairly simple to complex molecular 
structures, even some of them of a natural origin. Within the last few years, another 
group of therapeutics—the so-called biologicals—are entering the pharmaceutical 
markets. Biologicals are characterized by their macromolecular structure such as 
protein- and nucleic acid-based compositions. Medicines are used in humans and 
animals, as well as in fruit growing. Pharmaceuticals comprise a wide range of 
different therapeutic drug classes such as pain killers, antibiotics, cardiovascular 
affecting drugs, antidepressants, endocrinologically active drugs, and many more. 
Each group consists of a multitude of active ingredients, sometimes with completely 
different chemical properties (Kiimmerer 2004). 
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5.2. Pathways into the Environment 


There are many ways of entries into the environment. In European countries 
and the United States, emissions during manufacturing, transport and storage are 
probably low because of strict regulations in Good Manufacturing Practices (GMPs) 
(Kiimmerer 2004). The situation looks different in developing countries, depending 
on the manufacturer and/or national regulations. The majority of active ingredients 
enter the environment through their application and upon treatment of human, 
animal or plant diseases (Gaw et al. 2014). After ingestion, the drugs are more or less 
metabolized in the body, depending on their chemical composition. For example, 
the painkiller acetylsalicylic acid is largely metabolized, while iodinated X-ray 
contrast agents such as iopamidol are relatively inert and, therefore, persistent in 
the environment. Nevertheless, metabolites of active compounds may not only have 
unwanted side effects within the target organism but may also affect the environment 
as well. Excretion of medical drugs from their target organisms occurs via feces 
and/or urine, where they are flushed through toilets into the sewage and finally 
introduced into sewage treatment plants. Alarmingly, and in addition, lots of unused 
liquid pharmaceutical medicines in households are disposed down the drain, even 
in industrial nations. It is estimated that nearly one-third of the total volume of 
all pharmaceuticals sold in Germany is disposed via household waste or down the 
drains (Greiner and Ronnefahrt 2003). In the optimal case, the wastewater is cleaned 
in sewage treatment plants before entering rivers or the sea. 

Unfortunately, many active ingredients such as the nonsteroidal 
anti-inflammatory drug diclofenac are only poorly broken down in sewage treatment 
plants, and thus enter the subsequent water compartments more or less undegraded. 
Especially when applying drugs in commercial animal husbandry and aquaculture, 
leftovers enter aquatic systems by washouts from fields because of the use of manure 
and sewage sludge to fertilize fields. In aquaculture systems, the contamination occurs 
even directly because fish farms are not necessarily separated from the surrounding 
natural environment (Graslund et al. 2003; de Lacerda et al. 2019). The entry into the 
environment also depends on country and regional specific differences, e.g., whether 
sewage is treated by sewage treatment plants, household garbage is disposed only 
at landfills or burned in waste incineration plants. There are also differences in the 
worldwide consumption of active pharmaceutical compounds, for instance, whether 
antibiotics are only available on prescription as well as the preference for specific 
therapeutic options, such as the use of contraceptive pills or strong painkillers such 
as opioids (Kümmerer 2004). 
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In terms of the huge variety of active compounds and pharmaceutical drugs, 
the impacts on the marine environment are neither estimated so far nor predictable 
(Kiimmerer 2004). Every medication can be considered in terms of environmental 
sustainability from different points of view. Regional differences in the amount of 
active compounds being used are of high interest as well as the specific characteristics 
such as the toxicity of a compound within the environment or its persistence. 
Almost impossible to assess is the “cocktail effect” of a mixture of different active 
pharmaceutical ingredients even in small amounts (Vasquez et al. 2014). In medical 
therapy for a single person or animal, only a few compounds are used at the same 
time, such that intended effects and unwanted side effects are comparably well 
predictable. Nevertheless, the same components released into the environment, 
whether by the treated person or animal itself, may affect various types of organisms 
of different trophic levels, a fact which, in certain circumstances, can have severe 
impacts on the flora and fauna of the ecosphere (Alvarez-Mujioz et al. 2015). 


5.3. Occurrence and Effects of Active Ingredients in the Environment—Examples 


In the 1970s, the negative effects of pharmaceuticals on the environment started 
to become a focus of public awareness and even so of scientific interest. First attention 
was given to the hormones. Since the mid-1990s the occurrence, fate and effects of 
active hormonal compounds used in pharmaceuticals were recognized, such that 
more and more scientific activities had been initiated, especially in the United States 
and Europe. One of the first findings was the conclusion that hormones are not 
easily biodegraded. From then on, it was only a matter of time until several studies 
proved adverse effects of these compounds on the marine environment (Kiimmerer 
2004). For example, nowadays the feminization of male fish resulting from exposure 
to estrogens is well known (Sumpter 1995; Zeilinger et al. 2009). In addition, the 
connection between the undesirable increase in microbial resistances and the high and 
uncritical application of antibiotics in human and veterinary medicine is irrefutable 
(Cabello 2006). Especially, overly short treatment regimens and/or non-therapeutic 
dosages released into the environment, e.g., contained in feces or manure of treated 
humans or animals, respectively, help to develop bacterial resistance mechanisms. 

In the meantime, a large number of worldwide studies on the presence 
of pharmaceutically-active compounds in the marine environment are available. 
The occurrence of active ingredients is not only described in compartments such as 
water and sediment, but also in aquatic plants and various animal species such as fish 
and clams (Alvarez-Mujioz et al. 2015). For example, a study published in 2015 has 
shown the extreme wide spread of pharmaceutical compounds in different marine 
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species from coastal areas in Europe, and the high rate of occurrence and amount of 
different compounds found in species collected from the same area (Alvarez-Mufioz 
et al. 2015). Fish, bivalves and macroalgae, which are in addition also common 
seafood species, have been analyzed for possible contaminations with one or more 
out of 35 pharmaceutical compounds from different therapeutic groups, such as 
antibiotics, anti-inflammatories or psychiatric drugs. The species have been collected 
from potentially contaminated areas in Italy, the Netherlands, Spain, Portugal and 
Norway. It has been shown that 16 different active ingredients were found in 
bivalves collected in Portugal, Italy and Spain. The analysis of fish collected in 
Portugal and the Netherlands revealed the occurrence of ten active compounds 
(Alvarez-Mufioz et al. 2015). To the authors, knowledge of this was the first time that 
pharmaceutically-active compounds had been detected in marine fish. In macroalgae 
collected from Fureholmen, Solund (Norway), four active ingredients have been 
found (Alvarez-Mujioz et al. 2015). This is particularly remarkable because there 
is little to no human habitation or industry nearby the location, but nevertheless, 
the betablockers metoprolol and propranolol have been detected as well as the 
antibiotic azithromycin, and the psychiatric drug diazepam. The most recurring 
substances were the psychiatric drug venlafaxine, the diuretic hydrochlorothiazide, 
the betablocker metoprolol and the antibiotic azithromycin. The highest levels were 
measured for venlafaxine and azithromycin with a body burden up to 36.0 ng/g 
dry weight and up to 13.3 ng/g dry weight, respectively. This study is only one 
example of a large number of studies which have shown the wide distribution of 
pharmaceutically-active compounds in the marine environment (Alvarez-Mufioz 
et al. 2015). 


5.4. Prevention of Entries 


Due to the fact that most of the active ingredients enter the marine environment 
as a consequence of the therapeutic use of drugs, is it impossible that future entries can 
be completely prevented. Stricter rules in use and prescription of drugs could help to 
mitigate the problem, especially with a view on the often too uncritical application of 
antibiotics in the human and veterinarian use (Hulscher et al. 2010). In the future 
an environmentally friendly disposal should also be considered, particularly with 
regard to the disposal of unused medicines in private households and hospitals, 
or the use of manure as fertilizer in agriculture. The most important role could be 
played by sewage treatment plants. The construction of wastewater treatment plants 
worldwide and the improvement of already existing technologies could drastically 
reduce the input of these substances into the marine environment. 


37 


5.5. Outlook 


Obviously and unfortunately, pharmaceutically-active compounds are now 
being distributed worldwide in rivers and seas, but the risks to the environment 
due to their complexity cannot be fully ascertained. Therefore, it is advisable to 
carry out monitoring programs. For example, in 2013 the European Union included 
the nonsteroidal anti-inflammatory drug diclofenac, and the synthetic hormones 
ethinylestradiol and ß-estradiol in the European monitoring list (Directive 2013/39 
2013). In 2017 the Baltic Marine Environment Protection Commission (HELCOM) 
also decided to choose diclofenac and estrogen to be used as HELCOM indicators of 
the health of the Baltic Sea ecosystem. It is intended to meet the requirements of the 
Marine Strategy Framework Directive (2008/56/EC). These examples show the efforts 
to better understand the fate and distribution of pharmaceutically-active compounds 
in the seas. 

Despite their intended beneficial therapeutic effects, it has to be feared that 
a high number of active ingredients in pharmaceuticals could impact the marine 
environment. Since the effects on the ecosystems cannot be fully estimated, the entry 
of pharmaceutical compounds into the marine environment, rivers and lakes as well 
as in groundwater and drinking water should be avoided or at least limited, even if 
the compounds in question have low acute toxicity in humans. 


6. General Conclusions 


The examples described, of course, represent only a part of the pollutants 
occurring in the marine environment. This chapter could otherwise be continued 
indefinitely. Endocrine disruptors and petroleum derivatives also play an important 
role in water pollution. Some of them, such as POPs, microplastics and metals, have 
long been known to the general public and politics. Others, such as munitions in the 
seas and pharmaceuticals, have not yet come into full focus. 

Assessing the risks posed to humans and the environment by such pollutant 
sources is, in particular, a major challenge. On one hand, substances can be measurable 
even decades after their ban, and also in regions far from the source of contamination. 
On the other hand, the “cocktail effect” plays an important role in the assessment of 
toxic effects, especially on marine flora and fauna, which should not be underestimated. 
Transport processes such as the adhesion of pollutants to microplastics and their 
possible effects should be considered as well. 

Reducing the input of pollutants into the environment should therefore be a 
highly recognized goal worldwide and for the benefit of all, both for human health 
and the maintenance of intact ecosystems. 
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The Featuring of Small-Scale Fishers in 
SDG 14: Life below but Also above Water 


Maarten Bavinck 


1. Introduction 


SDG 14, or ‘life below water’, addresses a rich variety of issues regarding the 
oceans. As the sustainable use of marine life depends very much on ‘life above 
water’!—i.e., on human activities—its targets include people in various ways. Within 
its rich pallet of goals at the global level, target 14B stands out for its apparent 
pocket-size. It reads: “Provide access for small-scale artisanal fishers to marine 
resources and markets”. From where did this goal and this category of people 
emerge? Moreover, where is target 14B leading us? These are the questions guiding 
this paper. 

I first sketch the background leading to the inclusion of this goal in the SDGs. 
Attention then turns to small-scale fishers themselves and the sustainability challenges 
they face. Finally, I discuss the intentions with which this part of SDG 14 is currently 
being pursued. 


2. Background 


Marine fishers in the world are estimated to number thirty nine million and 
approximately 90% of them (or 35 million) pursue small-scale, or artisanal livelihoods 
(FAO 2020).? Actually, however, the numbers concerned are higher, as the small-scale 
sector also includes numerous processors, traders and other service providers, many 
of whom are women. Altogether, these professionals are sometimes grouped under 
the gender-neutral term ‘fishworker’. Estimates of the total number of small-scale 
fishworkers in the world range from 107 million (Mills et al. 2011) to 200 million 
(Berkes et al. 2001). As we shall see below, most of them are based in Asia and Africa, 


1 This is the title of Svein Jentoft’s keynote address to the MARE People and the Sea Conference X on 
25 June 2019 in Amsterdam. 

The academic literature employs two terminologies for the same phenomenon: small-scale, or artisanal 
fishers. The former term suggests smallness of technology (boat, gear), capital and labor requirements 
and limitations in operational range. The latter term emphasizes the manual expertise involved and 
makes a contrast with industrialized fishing. 
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whereas in Europe, the Americas and Australia their numbers have been going 
down. Even in the latter regions, however, small-scale fishing continues, as various 
compendia demonstrate (Pascual-Fernandez et al. 2020; Pinkerton and Davis 2015; 
Jentoft and Chuenpagdee 2015; Salas et al. 2019). 

However, it is not so much the numbers of operators that has triggered the 
inclusion of Target 14B in the SDGs—far more important has been the adoption 
in 2014 by Food and Agriculture Organization (FAO) member countries of the 
Voluntary Guidelines for Securing Sustainable Small-Scale Fisheries (henceforth: the 
SSF Guidelines) and the political momentum that has come to surround the topic 
(Jentoft et al. 2017). The SSF Guidelines had a turbulent pre-history. Preparations can 
be said to have started with the FAO World Conference on Fisheries Management and 
Development (1984) in Rome, which mobilized civil society and contributed to the 
rise of a global fisher movement, currently united under the flags of the World Fisher 
Forum (WFF) and the World Forum of Fisher Peoples (WFFP), as well as to a set of 
international NGOs, such as the International Collective in Support of Fishworkers 
(ICSF). Via parallel meetings, these civil society actors stood up to challenge the 
priority that governments were giving to the industrialization of fisheries and 
highlighted the problems that this was causing for the population of small-scale 
fishworkers that continued to inhabit the coastline. They argued that not only were 
industrialized fisheries provided unfair competition on inshore fishing grounds, these 
large-scale players were also causing substantial material damages to the small-scale 
fisheries sector. More fundamentally, these civil society actors noted that small-scale 
fisheries are not as old-fashioned as they are sometimes suggested to be. Instead, 
small-scale fisheries provide an alternative, and in many ways more appropriate 
model for realizing sustainability. After all, small- scale fisheries are frequently 
less fuel-intensive, more selective, less destructive of marine habitats, and socially 
and economically more inclusive. From this viewpoint, small-scale fishworkers, 
instead of being written off, require strong protection and sustenance. Technological 
subsidiarity is the direction to be pursued (Mathew 2005; Bavinck and Jentoft 2011). 

To the rear of the dispute over appropriate modes of fishing lay another, more 
comprehensive transformation. By the 1970s, public opinion on capture fisheries 
and the future of the oceans had started to change. While the first three quarters of 
the twentieth century were dominated by the notion of an unlimited ocean and the 


3 The organization of which followed from the United Nations Law of the Sea Convention that was 
concluded in 1982 (personal communication Sebastian Mathew). 
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creed of fisheries modernization, the planetary boundaries of the ocean were now 
becoming starkly apparent. ‘Overfishing’ had become the new concern, and policy 
efforts now came to focus on harmful fishing efforts. The FAO was called upon to 
develop guidelines for all capture fisheries.* The ultimate result of this effort was the 
Code of Conduct for Responsible Fisheries (1995). 

The latter agreement, which is voluntary in nature, contains barely any reference 
to small-scale fishing. However, there, under Article 6 on general principles, is the 
following text: 


Recognizing the important contributions of artisanal and small-scale 
fisheries to employment, income and food security, States should 
appropriately protect the rights of fishers and fishworkers, particularly 
those engaged in subsistence, small-scale and artisanal fisheries, to a secure 
and just livelihood, as well as preferential access, where appropriate, to 
traditional fishing grounds and resources in the waters under their national 
jurisdiction (Article 6.18 of the Code of Conduct for Responsible Fisheries). 


This article in the Code of Conduct underlines not only the contributions 
small-scale fishworkers are held to make but emphasizes their protection, suggesting 
that they even deserve preferential access to fishing grounds and resources.” 

While proponents were pleased that the concerns of small-scale fishworkers 
were finally being recognized and included in international legislation, albeit of a ‘soft’ 
kind, a more specific, and elaborate instrument for the protection of the sector was felt 
to be essential. Efforts thus continued to realize a code specifically for the small-scale 
fisheries sector. This FAO-spearheaded endeavor involved many years of planning, 
extensive consultation with civil society actors, and intense negotiation among 
member states. One of the scholars partaking in this effort aptly summarizes the joy 
that accompanied the realization of the SSF Guidelines: “For the millions small-scale 
fishing people around the world, many of whom are poor and marginalized, this 
was no doubt an historic event and a potential turning point.” (Jentoft 2014, pp. 1-2). 

In line with other trends in international law, the SSF Guidelines follow a human 


rights approach. Article 3.1.1 in Part I reads: 


4 The Code of Conduct for Responsible Fisheries (1995) originated in the Cancun Declaration (1992), 
which was adopted in response to the tuna-dolphin dispute between Mexico and the United States 
(personal communication Sebastian Mathew). 

5 Needless to say, preferential access is more of a paper than a physical reality. While many governments 
pay obeisance to the notion of artisanal fishing zones, the implementation hereof is heavily flawed 
and deficient. 
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Recognizing the inherent dignity and the equal and inalienable human 
rights of all individuals, all parties should recognize, respect, promote and 
protect the human rights principles and their applicability to communities 
dependent on small-scale fisheries. 


Its guiding principles thus emphasize the respect of cultures (Art. 3.1.2), 
non-discrimination (Art. 3.1.3), gender equality and equity (Art. 3.1.4), as couched in 
justice and fair treatment of all people and peoples (Art. 3.1.5), “ensuring active, free, 
effective, meaningful and informed participation” for small-scale fishers in relevant 
decision-making processes (Art. 3.1.6). The latter section of the SSF Guidelines 
identifies key topics of relevance to small-scale fishers: the securement of tenure 
rights to resources (Art. 5), social development, employment and decent work (Art. 6), 
value chains, post-harvest and trade (Art. 7), gender equality (Art. 8), and disaster 
risks and climate change (Art. 9). 

While the adoption of the SSF Guidelines was widely celebrated, their proponents 
recognized, however, that, as in the adage, ‘the proof of the pudding is in the 
eating’. As Jentoft puts it: “the challenge now is to make sure that [the SSF 
Guidelines] will be implemented” (2014, p. 1). A broad coalition of international 
actors—including intergovernmental organizations (FAO), international NGOs 
(e.g. the International Collective for the Support of Fishworkers—ICSF), research 
organizations (e.g., WorldFish/The Transnational Institute—TNI) and networks 
(e.g., Too Big To Ignore—TBTI), and member organizations (e.g., WFF and WFFP)—are 
engaged in precisely this effort, and it is their perseverance that has probably triggered 
the inclusion of the small-scale fishworker issue in SDG 14.6 


3. The Condition of Small-Scale Fisheries 


I noted above the fact that—according to criteria of technology, as well as 
labor and capital extensiveness—the large majority of the world’s fisher peoples are 
small in scale. Still, their variety is impressive. As Jentoft and Chuenpagdee (2015) 
point out: “Globally small-scale fisheries display enormous diversity as a result of 
differences in natural, social, cultural and political factors” (p. 37). This diversity 
makes what is considered small-scale in some contexts (North America, Europe) 


Thus, Sebastian Mathew points out that ICSF worked with the Brazilian and the Indian delegations to 
retain Article 24(2)(b) of the United Nations Fish Stocks Agreement (1995) in the review conference 
outcome document. ICSF also worked with the Brazilian and EU delegations to retain this reference 
in the outcome document of the Rio+20 Ocean Conference in 2012. From this document, it moved into 
the SDG 14 (personal communication). 
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large-scale in others (Asia/Africa/Latin America). As a consequence, there exists no 
single definition of what constitutes small-scale fishing. Some governing actors, like 
the European Commission, have formulated a minimalist description, limiting the 
field of small-scale fisheries to those making use of vessels less than 12 m in length. 
However, as Pascual-Fernandez et al. (2020) in their chapter on the small-scale 
fisheries of Europe point out, even this definition is problematic, excluding some 
fishers that properly belong, and including some that should not be included in 
the category. 

Moreover, small-scale fishing is never fixed but highly dynamic: target 
species, fishing grounds, fishing practice, and market changes from one moment 
to the next. What is common practice today may change tomorrow. As a 
consequence of these dynamics, Johnson (2006) suggests that fishers should globally 
be arranged on a fluid scale ranging from subsistence to industrial fisheries. 
Jentoft and Chuenpagdee (2015) take a different approach, however, arguing that 
small-scale fisheries “must always be considered in their particular context” (p. 37). 

Table 1 provides a summary overview of fisher numbers by continent. Although 
these figures—which relate only to those actually engaged in the catching of fish—do 
not distinguish small-scale from industrial-scale fishers, we can safely assume that, 
in all cases, the large majority of fishers belong to the ranks of small-scale operators. 


Table 1. Fisher numbers by geographical region in thousands (2018). 


Region Numbers Change Since 1995 (%) 
Africa 5021 +183% 
Asia 30,768 +127% 
Europe 272 —39% 
The Americas 2455 +137% 
Oceania 460 +0% 
Total 38,976 +132% 


Source: FAO (2020), Table 12. 


Table 1 points out that in some regions of the world, the fisher population 
has increased substantially, whereas in others, their numbers have declined. Such 
variations relate to differing conditions for social mobility. Whereas in the Global 
South, macro-economic and social conditions tend to keep people locked in fisheries, 
avery different set of conditions in the Global North has encouraged them to seek 
other forms of employment. It is not unreasonable to assume that in some situations 
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people are in fishing largely ‘because they are poor’ (Béné 2003) and do not have 
other livelihood opportunities. In an earlier publication related to South India, I have 
noted that a substantial immigration of poor agriculturalists into fishing had probably 
occurred (Bavinck 2011). Such a process appears to have taken place in other parts of 
the world too. 


4. Looking Ahead 


I have argued that international attention for small-scale fishing has increased 
dramatically in recent years, with some arguing that it is now just ‘too big to 
ignore’.” At the same time, one cannot ignore the dark clouds that gather on the 
horizon. While fishing is one of humankind’s oldest maritime occupations, and the 
sector still provides large numbers of people with gainful employment, the range 
of competing endeavors, gathered under the denominators of ‘blue economy’ or 
‘blue growth’, is increasing fast. Aquaculture, coastal tourism, deep sea mining, oil 
and gas exploitation and wind parks are making their mark on oceanic and coastal 
space, resulting in complaints of ‘ocean grab’ (Bennett et al. 2015) and ‘coastal grab’ 
(Bavinck et al. 2017). With governments anxious to capitalize on new investment 
opportunities and opting to see small-scale fisheries as an obsolete enterprise, 
small-scale fishworkers suffer stiff competition for shoreline and ocean space. Some 
knowledgeable authors (Percy and O’Riordan 2020) therefore express pessimism 
toward the future. 

The international conservation movement has been making demands of 
small-scale fisheries, pointing out that the erosion of biodiversity and the challenges 
of climate change require urgent addressal (Garcia et al. 2014). Although small-scale 
fisheries arguably have a better environmental record than large-scale fisheries 
(Kolding et al. 2014), small-scale fishworkers also have a contribution to make 
toward achieving resilience. The objective, then, as argued by Charles et al. (2014), 
is to achieve win-win-win solutions across the three dimensions of sustainable 
development, while simultaneously taking into account the specific vulnerabilities of 
small-scale fisheries. 

The fact that small-scale fisheries are included in SDG 14 is a sign that resilience 
is still deficient. Target 14B emphasizes provision of access to marine resources as 
well as to markets. The former can be achieved in various ways: by delimiting 


7 Too Big to Ignore (TBTI) is the title of a recent project funded by the Canadian Social Science Research 


Council. This project has contributed to a flood of new academic interest in the topic. 
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specific small-scale fishing zones, providing quota, or, to the contrary, by limiting the 
prerogatives of other actors, such as industrial fishers. Access to markets is a parallel 
concern, meant to make small-scale fisheries economically sustainable, meanwhile 
contributing to the food security of rural and urban populations. Both forms of access 
are crucial to the future of small-scale fisheries. In turn, small-scale fishworkers have 
responsibilities toward other targets of SDG 14, such as the sustainable protection 
and management of marine and coastal ecosystems (Article 14.2) and the effective 
regulation of harvesting (Article 14.4). 

In past decades, small-scale fishworkers have garnered a wealth of influential 
support, and their cause is being fought in international, national and local arenas. 
The alliances they have forged with other rural movements, such as the Via Campesina, 
have lent force to their actions. The oncoming International Year of Artisanal Fisheries 
and Aquaculture (2022) will provide a useful rallying point for continued engagement, 
with, as a provisional objective, the realization of Target 14B in 2030. Time will tell of 
its accomplishment. 


5. Conclusions 


This chapter has attempted to explain why SDG 14, which largely deals with 
‘life below water’, includes a direct reference to the human dimension. Article 14B 
expresses support of the livelihoods of small-scale fishers with regard to access to 
resources and markets. I have argued that the inclusion of this anomaly is rooted in 
the international history of fisheries regulation, and the growing attention that social 
movements have drawn to the marginalization of small-scale fishworkers. The last 
section looked forward to the future of this sub-sector, which was sketched as highly 
uncertain. However, the fact that small-scale fishers have organized themselves 
provides some confidence that Article 14B may actually have teeth. 
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Global Processes in Ocean Policy: 

An Opportunity to Create Coherence in 
Governance Frameworks and Support the 
Achievement of Conservation Goals 


Ben Boteler, Carole Durussel, Sebastian Unger and Torsten Thiele 


1. Introduction: Marine Biodiversity, Ecological Connectivity, and Global 
Processes for Conservation 


The ocean is essential to all life on the planet. It covers more than 70% of the 
earth’s surface and regulates the climate, provides essential resources and ecosystem 
services, hosts immense biodiversity and underpins human activities, such as fisheries, 
offshore oil and gas, and international trade, as well as recreational, educational and 
cultural activities (Wright et al. 2017). Pressure on marine biodiversity is largely 
caused by increasing human activities such as fishing and shipping, but also coastal 
and land-based activities such as oil and gas extraction, port development, agriculture, 
industry, urban expansion and tourism (Wright et al. 2017). Emerging activities such 
as deep seabed mining have the potential to cause further impacts on the marine 
environment in the future (Boteler et al. 2019a). Pressures from human activities 
include, amongst others, extraction of living species, physical disturbance to and 
destruction of the seabed, pollution from land and sea, and underwater noise and 
light (Boteler et al. 2019a). Compounding effects due to increases in anthropogenic 
CO; emissions have resulted in rising ocean acidity, declining oxygen levels, warming 
waters and shifting ocean currents (Boteler et al. 2019a). The recent reports from the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 
(IPBES 2019) and the Intergovernmental Panel on Climate Change (IPCC 2019) 
confirm that ocean health continues to degrade, including from climate change, 
and necessitates increased efforts from states to protect and sustainably manage 
marine ecosystems (Boteler et al. 2019b). 

The ocean is legally divided into different zones. States can declare marine areas 
of up to 200 nautical miles (based on determining a national baseline) as national 
jurisdiction comprising the territorial sea, contiguous zone or the exclusive economic 
zone (EEZ). Not all states exercise this right. Marine areas beyond 200 nautical 
miles are known as areas beyond national jurisdiction (ABNJ) and include both the 
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water column and the seabed beyond national jurisdiction, known as the high seas 
and the area, respectively. They are legally distinct and states can claim extended 
entitlements over the continental shelf, meaning that there is less of the area than the 
high seas in ABNJ. While ABNJ and waters under national jurisdiction are legally 
established as distinct entities, they are highly connected ecologically. The same 
also applies to the high seas and the area. Hence, pollution, overfishing, mining or 
geoengineering experiments in the high seas and/or the area can result in ecological 
and socioeconomic impacts in coastal waters or the water column—and vice versa. 

Ecological connectivity, both vertically within the water column and horizontally 
across ocean basins, is due to two factors: First, small marine organisms such as 
plankton and larvae, which cannot actively swim in the water column, and pollution, 
such as plastics, ghost fishing gears or oil, are transported through passive connectivity 
within the water column by ocean currents (Dunn et al. 2019; Popova et al. 
2019). The strength and direction of ocean currents influence the temporal scale 
by which impacts from human activities may be identified or realized, ranging 
from within a few weeks to months, or even years, depending on the location 
of the impact (Boteler et al. 2019a). As ocean circulation shifts due to changes in 
seasonal, inter-annual and multi-decadal climate patterns, this can in turn affect 
e.g., the distribution of plankton or the location of upwelling and downwelling 
areas. In severe cases, this can result in a shift in species range and ultimately can 
affect marine ecosystems (Boteler et al. 2019a). Second, the active movement of 
marine species within the water column and across ocean basins, such as between 
feeding and breeding grounds, is recognized as active or migratory connectivity 
(Dunn et al. 2019; Popova et al. 2019). Many migratory species cross vast distances 
and straddle the boundaries between ABNJ and national waters in their life cycle, 
thereby connecting distant ecosystems (Dunn et al. 2019; Popova et al. 2019). Many of 
these species will also spend different stages of their lives (e.g., larval and adult) 
within different areas, with timescales ranging from a few hours to days or months 
(Di Franco et al. 2012; Dunn et al. 2019; Popova et al. 2019; Rogers et al. 2019). To be 
effective, ocean conservation efforts must consider both passive and active ecological 
connectivity, as well as between ocean basins (Dunn et al. 2019). 

The existing ocean governance structure to sustainably manage human uses 
on and in the ocean and ensure conservation of marine species and ecosystems 
is fragmented, has legal and institutional gaps, and lacks full implementation 
and enforcement (Durussel et al. 2018; Gjerde et al. 2018). There is currently no 
comprehensive approach or coherent structure to bring together the legal, institutional 
or policy framework established for ocean conservation. The 1982 United Nations 
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Convention on the Law of the Sea (UNCLOS) provides for rules governing uses of the 
ocean and its resources, including ABNJ, and is considered the umbrella convention 
for the protection of the marine environment and sustainable use of ocean resources 
(UNGA 1992). However, these rules are limited and do not specify how states should 
conserve and sustainably use biodiversity in ABNJ. An uneven governance framework 
was created through the numerous regional and sectoral agreements, covering sectors 
such as fisheries, shipping and others adopted independently, both before and after 
UNCLOS came into force in 1994 (Durussel et al. 2018; Gjerde et al. 2018). For these 
reasons, the current ocean governance framework does not address the cumulative 
impacts placed on the marine environment due to human activities. Compounding 
this, numerous practical challenges also exist. For example, it is inherently difficult 
to convince institutions to cooperate on shared challenges or goals, and there is a 
general reluctance from states to commit funds on a sustained and sustainable basis 
to promote ocean governance as a priority within and across institutions. At the 
same time, not all institutions or actors across the ocean governance framework may 
be prepared to address or even be aware of global conservation goals, or coordinate 
to actively achieve and co-implement management measures (e.g., through data 
and knowledge exchange), or implement common sustainability principles, such as 
the precautionary principle, ecosystem approach, or participatory decision-making 
processes (Boteler et al. 2019b). Such lack of coordination also exists between the 
various national government agencies, further exacerbating challenges of ocean 
management and conservation. Hence, strengthening ocean governance at all levels 
and across all actors will be necessary to achieve global conservation goals. 
Building on political momentum, three major global processes are currently 
underway in regard to global ocean governance under the umbrella of the United 
Nations. First, the development of an international legally binding agreement under 
UNCLOS for the conservation and sustainable use of marine biodiversity in areas 
beyond national jurisdiction (BBNJ) is being negotiated (from here on referred to as 
BBNJ process) (UNGA/RES/69/292 2015). Second, under the Convention on Biological 
Diversity (CBD), 20 Aichi Biodiversity Targets were adopted in 2010 as part of the 
CBD Strategic Plan for Biodiversity 2011-2020, in an effort to reduce pressures on 
biodiversity, promote its sustainable use and safeguard ecosystem functions (from here 
on referred to as CBD process). These policy targets are currently being discussed 
under the umbrella of the CBD and will lead to the development of updated and new 
biodiversity targets that will be adopted at the 15th Conference of the Parties (COP) 
to the CBD in October 2020 as part of the Post-2020 Global Biodiversity Framework 
(CBD/COP/DEC/14/34 2018). Third, the United Nations 2030 Agenda for Sustainable 
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Development, which focuses on 17 Sustainable Development Goals (SDG), including 
SDG 1 on the ocean, coasts and marine resources, aims to holistically address current 
global challenges to sustainability, including those specifically negatively affecting the 
oceans and their ecosystems (from here on referred to as SDG process) (UNGA 2015). 
Momentum for SDG 14 implementation has been triggered in particular through the 
2017 UN Ocean Conference and voluntary commitments for ocean action by states 
and other actors (Neumann and Unger 2019). Despite these efforts and progress 
towards global conservation goals, marine biodiversity and ocean health continue 
to decline (IPBES 2019). Taking into account the BBNJ, SDG and CBD processes, 
this chapter highlights the need to ensure coherence across these global processes 
for marine conservation, and provides ways in which ocean governance can be 
strengthened to support global processes and marine conservation goals. 


2. Understanding Global Processes for Marine Conservation 


While specifics of the BBNJ, CBD and SDG processes differ, ultimately they 
have common overarching objectives to reduce the negative impacts from human 
activities on the marine environment and to ensure the conservation of marine 
ecosystems and sustainable use of marine resources. The most important difference 
is that the BBNJ process will create a legally binding global instrument which 
will establish rules and guidelines for how humans interact with ABNJ, while the 
post-2020 biodiversity framework and SDG processes set out policy targets and 
goals to guide state and societal actions. Viewed together, the BBNJ process, 
the Aichi Targets and the SDGs present an important opportunity for states to 
strengthen the overall ocean governance framework both globally and at the regional 
level, and thereby contribute to sustainable development and economic growth. 
Considering ecological connectivity, it is essential to consider conservation efforts 
and sustainable management of human activities, both within and beyond national 
jurisdiction. Particularly, strengthened collaboration and cooperation between global, 
regional (i.e., marine regions) and sectoral organizations will be needed to boost 
ocean governance efforts and will be an important step towards underpinning actions 
for the conservation and sustainable use of BBNJ, the targets of the Post-2020 Global 
Biodiversity Framework, and the SDGs. 


2.1. Understanding the Scope and Nature of the BBN] Negotiations, the Targets of the 
Post-2020 Global Biodiversity Framework, and the SDGs 


The BBNJ process is a political process currently underway to negotiate an 
international legally binding agreement under UNCLOS on the conservation and 
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sustainable use of BBNJ. After a decade of discussions in a working group, the United 
Nations General Assembly (UNGA) decided in 2015 to begin negotiating a BBNJ 
Agreement. A Preparatory Committee was established to make recommendations 
to the UNGA on the elements of a draft text and, since 2018 through the 
Intergovernmental Conference (IGC), to elaborate the text of the agreement 
(UNGA/RES/72/249 2018). Four elements provide the structure for negotiations 
(UNGA/RES/69/292 2015) and are: 


e marine genetic resources (MGRs), including questions of their access and sharing 
of their benefits; 

e area-based management tools (ABMTs), including marine protected areas (MPAs); 

e environmental impact assessments (EIAs); 

e and capacity building and the transfer of marine technology. 


The effective implementation of the BBNJ Agreement will offer an opportunity 
to improve coordination between and among existing global and regional institutions. 
However, to do this will require a clear and coherent legal and institutional framework, 
both within marine regions (i.e., multiple states with a common interest in a specific 
marine ecosystem) and at the global level with regard to managing sectoral activities 
(Gjerde et al. 2018; Gjerde and Wright 2019). Although the BBNJ negotiations are 
markedly narrower in scope than the CBD and SDG processes, the legally binding 
nature of the future BBNJ Agreement makes this process much more politically 
sensitive than political declarations achieved under the CBD and SDG processes. 
Indeed, whereas the BBNJ process is still in the negotiation phase, it is expected to 
have some mechanism by which to enforce the agreed upon obligations, ensuring 
that states, or activities under state flags, adhere to the agreement. 

Under the CBD, 20 Aichi Targets were adopted in 2010 by which states 
commit themselves to take action towards reaching specific biodiversity related 
objectives (UNEP/CBD/COP/DEC/X/2 2010). However, unlike the BBNJ Agreement, 
these are policy targets that create no legal obligations. Parties to the CBD submit 
National Biodiversity Strategies and Action Plans (NBSAPs) for the conservation 
and sustainable use of biodiversity or adapt existing national strategies or plans to 
reflect the objectives of the CBD. They also have to integrate, as far as possible and 
as appropriate, the conservation and sustainable use of biodiversity into relevant 
sectoral or cross-sectoral plans, programs and policies (UNGA 2015). The Aichi 
Targets, many of which are relevant to marine and coastal biodiversity, are reflected 
in the SDGs, and many of them are set for 2020. Of particular note, CBD Aichi 
Target 11 establishes that 10% of coastal and marine areas are conserved through 
ecologically representative and well-connected systems of protected areas and other 
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effective area-based conservation measures by 2020. Compatible goals in regional 
strategies and policy objectives reflect this global goal. For example, this can be seen 
in the MPA network designated in the Baltic Sea region (HELCOM 2016). Indeed, 
efforts both in EEZs and ABNJ have been made to establish marine protected areas. 
These Aichi targets are currently being reviewed and it is expected that updated and 
possibly more ambitious, as well as new biodiversity targets, will be adopted at the 
upcoming CBD COP in 2020, as part of the Post-2020 Global Biodiversity Framework 
(CBD/COP/DEC/14/34 2018). 

The UNGA adopted, in 2015, Resolution 70/01 on the 2030 Agenda for Sustainable 
Development, which sets out a global ‘plan of action for people, planet and prosperity’. 
The 2030 Agenda puts forward a set of 17 globally applicable SDGs with 169 
underlying targets (UNGA 2015). These goals take into consideration the need 
for economic, social, and environmental sustainability, and thus include a wide 
range of aspirations, from conservation and protection, to sustainable modes of 
production and consumption to peaceful and inclusive societies (UNGA 2015). SDG 
14 is explicitly dedicated to the conservation and sustainable use of the oceans, 
seas and marine resources for sustainable development. The 10 targets set in SDG 
14 mostly reflect existing policy agreements, such as the 2002 World Summit on 
Sustainable Development (WSSD) (UN 2002) or the CBD Aichi Targets. All SDGs 
are applicable to the whole of the marine environment and to all states, whether 
developing or developed, island or continental, but their implementation must 
take into account states’ national capacities, priorities and policies, and levels of 
development (UNGA 2015). The SDGs and their related targets are ‘integrated 
and indivisible’ and therefore must be considered and implemented as a whole 
(UNGA 2015). This means that the oceans, just like the other issues tackled by the 
2030 Agenda, play a cross-cutting role across all SDGs, so that any SDG, including 
SDG 14, cannot be implemented in isolation from the other SDGs (Schmidt et al. 2017). 
Thus, SDG 14 provides a unique opportunity to consider, through the lens of ocean 
governance, the complex interlinkages between sustainability issues highlighted by 
the wide array of SDGs that are sometimes contradictory (Schmidt et al. 2017). 


2.2. Ensuring Coherence across Global Processes for Marine Conservation 


Although these processes differ in terms of their specific nature and scope, 
there exist numerous benefits for considering them holistically and coordinating 
efforts in achieving their objectives. Moreover, given their global scale and similarities, 
it is important to ensure coherence between actions (e.g., spatial coverage, sectoral 
coverage, and inclusion of key ocean governance principles) taken within these three 
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processes to achieve ocean conservation. By considering these processes jointly and 
taking a coherent approach to their achievement, efficiency gains can also be made. 
These include utilizing data and information, and therefore resources, across multiple 
uses and functions, as well as building capacity to understand underpinning ocean 
science and implement and review the needed actions towards conservation goals. 

The ongoing BBNJ negotiations represent a major opportunity for states to 
create a legally binding instrument by which to conserve and sustainably manage 
marine biodiversity in ABNJ, but also the potential for states to underpin actions 
taken to achieve global conservation goals. It may even be argued that the Aichi 
Targets and SDGs, particularly SDG 14, will not be fully achieved without the BBNJ 
Agreement, as ocean conservation is currently not fully delineated under the current 
legal framework. A critical difference is that the BBNJ Agreement will be a legally 
binding agreement, whereby the Aichi Targets and SDGs are non-binding. Through 
its legally binding nature, the BBNJ Agreement could: enhance the role of multi-level 
governance in ocean processes; ensure coordination and collaboration amongst states 
as well as relevant organizations; offer the means for new arrangements for data 
collection and information exchange; support capacity building and financing for 
ocean conservation and related initiatives (e.g., research vessels, data platforms, 
etc.); as well as ensure that key lessons and best practices are shared across states, 
organizations, and stakeholders. Ultimately, it may also be expected that conservation 
gains within the Aichi Targets or SDG 14 (e.g., the establishment of marine protected 
areas within states’ national waters) will contribute to the objectives within the BBNJ 
process to protect marine biodiversity in ABNJ due to the ecological connectivity of 
the ocean, and vice versa. Furthermore, by taking such connections into account 
(e.g., when establishing marine protected areas), ecological links between national 
marine waters and ABNJ can be included, thus creating synergistic effects, such as 
conservation goals and restoration effects. 


3. Improving Ocean Governance to Support Global Processes and Marine 
Conservation Goals 


Achieving global conservation goals will require the international community 
to take a holistic approach to address sustainability issues. States and organizations 
will therefore need to go beyond established single-sector and state-centric ocean 
governance approaches (Wright et al. 2017). States cannot effectively manage 
ocean challenges working in isolation as marine ecosystems (e.g., the Sargassum 
ecosystem in the Atlantic, the Costa Rica Dome in the Pacific, etc.) and marine species 
(e.g., fish stocks, migratory species such as turtles, sharks or marine mammals) do 
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not respect national borders, and threats to biodiversity are often transboundary in 
nature (e.g., marine pollution) (Boteler et al. 2019a). Thus, enhanced cooperation 
and coordination, particularly at the marine region level and across sectors, offer an 
opportunity for improving the conservation and sustainable use of marine biodiversity 
(Boteler et al. 2019b). 

Regional and sectoral organizations can support the achievement of global 
conservation goals and targets by developing, implementing and enforcing regionally 
or sectoral-based agreements in alignment with global targets (Gjerde et al. 2018; 
Durussel et al. 2018). Such agreements could reflect the specificity of each region, 
their challenges and needs, and allow organizations to develop new initiatives to 
strengthen or complement existing efforts, and even adopt more stringent measures 
when needed (Gjerde et al. 2018; Durussel et al. 2018). Regional organizations have a 
long history of bringing states and regional bodies together to collaborate on marine 
issues, including through conducting scientific assessments, forming working groups, 
issuing protocols and guaranteeing compliance (Gjerde et al. 2018; Durussel et al. 2018). 
Such cooperation and coordination amongst actors can also increase transparency 
within decision-making processes. Thus, efforts at the marine regional level and 
through sectoral organizations can, and should, play a crucial role in global ocean 
governance and delivering ocean sustainability by providing for cooperation and 
coordination across organizations and across boundaries (UN Environment 2017). 
The current BBNJ negotiations offer a unique opportunity to build the institutional 
arrangements or mechanisms essential to creating a holistic approach to ocean 
governance and enable the achievement of Aichi Targets and targets of the Post-2020 
Global Biodiversity Framework and SDGs. 

The regional level can offer a particularly efficient means to implement global 
conservation goals. Ensuring the implementation of regionally agreed targets 
and indicators that are in line with globally agreed goals will be important to 
deliver the global conservation goals, while taking into account the priorities, 
challenges and needs of the regions (Boteler et al. 2019b; Institute for Advanced 
Sustainability Studies e.V. (LASS) et al. 2020). Implementation at the regional level 
is also particularly well-suited as it can build on existing regional initiatives and 
thereby ensure strengthened regional cooperation amongst stakeholders and across 
sectors (Boteler et al. 2019b; Institute for Advanced Sustainability Studies e.V. (LASS) 
et al. 2020). The regional level could also be used as a regional follow-up and review 
mechanism to monitor and track down the achievement of global conservation goals, 
including SDG 14 (UN Environment 2018; Unger et al. 2017). 
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3.1. Coordinating Efforts and Taking Joint Action 


Ocean governance is complex and evolving, meaning that a diverse range of 
contexts, interests, and capacities must be coordinated (Wright et al. 2017). The costs 
to coordinate and cooperate across this complex governance system can be costly, 
both in human and financial resources, ultimately impeding the achievement of 
tangible benefits for ocean sustainability (Wright et al. 2017). Indeed, limited 
resources are a common problem for many organizations and their contracting 
parties, and developing needed capacities and ensuring long-term funding for 
strategic global, or national, processes is a challenge (Wright et al. 2017). Although 
cooperation and coordination of efforts can be expensive, working collaboratively can 
also create new value for organizations (e.g., access to new data, capacity building, 
sharing of best practices and resources). 

Coordination arrangements could be created or improved to pursue 
ecosystem-based management in coastal waters and ABNJ (Gjerde and Wright 
2019). Regional arrangements have been shown to build understanding and 
political support for ocean governance, provided they also build links with regional 
multi-purpose organizations (UN Environment 2017). Cross-sectoral coordination 
can foster dialogue and exchange amongst stakeholders, thereby helping to build 
trust and political will, and can lead to the development of joint programs of 
work and largescale planning projects (Gjerde et al. 2018). It is also necessary to 
foster collaboration at the national level amongst ministries so that states take a 
harmonized position in the various regional, sectoral and international organizations 
(Gjerde et al. 2018). This can be a major challenge, preventing a coherent approach 
to ocean governance and sustainable management. This underscores the need 
to strengthen capacity at the national level in an effort to ensure that national 
representatives can meaningfully participate in and contribute to regional, sectoral 
and global processes (Gjerde et al. 2018). 

Furthermore, strengthening intra-regional, inter-regional and region-to-global 
cooperation will be crucial. Establishing dialogue platforms are an option to facilitate 
learning processes and to gather organizations and actors from different regions 
to broaden the scope of existing approaches and develop new solutions. Such an 
approach provides an opportunity for different actors to meet informally to share 
experiences and good practices, discuss common initiatives, highlight options to 
tackle key challenges, and identify pathways toward improved cooperation for the 
achievement of global conservation goals (Durussel et al. 2018). 
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3.2. Capacity Building and Information Exchange as a Cornerstone for Ocean Action 


Capacity building is a cross-cutting topic throughout the 2030 Agenda 
and referenced in SDG 14 and many other SDGs, especially in SDG 17 
(Cicin-Sain et al. 2018a). Capacity building is a long-term and continuous ‘process 
by which individuals, organizations, institutions and societies develop abilities to 
perform functions, solve problems and set and achieve objectives’ (UN Economic 
and Social Council 2006). As such, ‘the development of a country’s human, scientific, 
technological, organizational, institutional and resource capabilities’ forms the 
basis for the implementation of global conservation goals (Cicin-Sain et al. 2018a). 
The transfer of marine technology is one of the tools that can be used to build 
capacities in countries where access to data and technology is limited (Cicin-Sain et al. 
2018a). Through the negotiation of a future BBNJ Agreement under UNCLOS, states 
will have the opportunity to legally strengthen these issues by establishing more 
detailed provisions on capacity building and technology transfer than those that can 
currently be found in UNCLOS, including a set of requirements and measures to 
build capacity and ensure the transfer of marine technology in developing countries, 
including small island developing states (SIDS) and less developed countries (LDCs) 
(especially in regard to Art7, Art10, Art11, Art42, Art43, Art44, Art45, Art46, Art47, 
Art49, Art51, and Art52 in (UNGA 2019). These legally binding provisions can 
contribute to setting basic requirements for capacity building and technology transfer 
and help to meet the goals of the Aichi Targets (and targets of the Post-2020 Global 
Biodiversity Framework) and the SDGs. 

The regional level, as well as sectoral organizations, can greatly contribute to 
implementing these provisions and ensuring that they adequately reflect the reality 
and needs of the regions or stakeholders (Institute for Advanced Sustainability 
Studies e.V. (IASS) et al. 2020). Regular capacity building workshops can underpin 
the ongoing exchange of knowledge and data. At the same time, initiatives are 
needed to strengthen national, regional and sectoral institutions, as well as individual 
capacity, to ensure that national representatives are able to effectively participate in 
sectoral, regional and global processes and to design and implement actions towards 
global objectives (Gjerde et al. 2018). 

Increased support for scientific cooperation programs could improve the ability 
of national, regional and sectoral organizations, to implement ecosystem-based 
management approaches. The regional level, for instance, could underpin this 
by establishing, or expanding, regional scientific knowledge hubs, similar to 
the International Council for the Exploration of the Sea (ICES). Such initiatives 
could provide regionally targeted scientific and technical advice, and disseminate 
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knowledge and data to different regional organizations, thereby boosting 
cross-sectoral cooperation and exchange (Gjerde et al. 2018). 


3.3. Long-Term and Consistent Financing Is an Enabler for Action 


Ensuring long-term and consistent funding for ocean measures, including 
for science and capacity building, that deliver the necessary protection of marine 
biodiversity and support common ocean conservation objectives, is an essential 
component and enabler for other ocean actions (Laffoley et al. 2019). Total funding 
available from public sources is insufficient to deliver the agreed marine protection 
goals. Innovative financing sources, including from capital markets, offer significant 
potential to support the delivery of ocean solutions across initiatives, including 
for coastal ecosystems in national waters, as well as for ABNJ (Thiele and Gerber 
2017). Lessons can be drawn from sustainable development and climate financing 
approaches which are already in place. Potential sources include accessing private 
capital, as well as creating new mechanisms to inject funding into ocean initiatives. 
For example, climate bonds demonstrate how private sector finance for renewables 
has been used. Potential “blue bonds” for ocean solutions (Roth et al. 2019) can 
provide a means to provide capital to conservation projects, and could include 
performance-based components that would also allow the sharing of risk and 
encourage an efficient delivery of actions. The Nordic Investment Bank successfully 
raised US$ 200 million through a blue bond to deliver cheaper funding to multiple 
water treatment projects along the Baltic coast, and the Seychelles used a sovereign 
blue bond to help fund the implementation of marine protection. Such efforts 
could also bring together public and private actors in partnerships, which in turn, 
can support greater inclusion of stakeholders and transparency (Cicin-Sain et al. 
2018b). The BBNJ process needs to include robust financing mechanisms, in order 
to develop new funding initiatives for ABNJ efforts. It needs to consider the Aichi 
Targets and SDGs and create links to enable, or enhance, the financing of ongoing 
and future initiatives underway through these processes (Claudet et al. 2019). 


3.4. Lessons Learned from Past and Ongoing Marine Initiatives Should Be Leveraged for 
the Future 


The analysis of ocean governance approaches and sharing of experience, 
in particular at the regional level or from sectoral organizations, can provide useful 
lessons that can facilitate the further development of new initiatives and help to 
strengthen existing frameworks (Mahon et al. 2015; Mahon and Fanning 2019). It also 
helps to inform the construction of efficient and effective means to support the joint 
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achievement of objectives for ocean conservation, through the BBNJ Agreement, 
the Aichi Targets and targets of the Post-2020 Global Biodiversity Framework, and the 
SDGs. In many cases, lessons or options to overcome challenges may be regionally 
specific (e.g., due to available funding), while there is still a strong case for identifying 
common challenges and exchanging key lessons gained within such a specific context. 
In particular, lessons can be gained on effective arrangements for cooperation and 
coordination between organizations; achievements in successful capacity building 
efforts; the development of science and tools to inform decision making; the role 
played by champions and leaders with the political will to drive processes and gather 
support for improved management; developing innovative financing mechanisms; 
and the importance of developing a dynamic science-policy interface that can 
provide policy-relevant scientific information to decision makers and stakeholders. 
Such lessons need to be harvested from established processes and institutions and 
organizations—potentially through organizing workshops and events for dialogue 
and exchange or through funding research and development projects by which to 
collect, assess, and disseminate key lessons or best practices. 


4. Conclusions 


Strengthened collaboration and cooperation between global, regional and 
sectoral organizations will be necessary to enhance ocean governance and to underpin 
actions for the conservation and sustainable use of BBNJ, the Aichi Targets and targets 
of the Post-2020 Global Biodiversity Framework, and the SDG Targets. The facilitation 
of joint actions and coordinated efforts through dialogue platforms and participatory 
learning processes to share experiences and good practices will also be crucial for 
the achievement of global conservation goals. Capacity building and information 
exchange, including through the transfer of technology, expanded support for 
scientific cooperation programs or regional scientific knowledge hubs, and long-term 
and consistent funding for ocean initiatives, can further help to boost cross-sectoral 
and multi-level cooperation and exchange, which represent important cornerstones 
for ocean action. The current BBNJ negotiations provide the opportunity to create 
institutional arrangements for cross-sectoral collaboration embedded in a binding 
legal instrument. Such a collaborative approach could help to overcome the currently 
fragmented approach to ocean governance and thereby foster critical conditions to 
achieve the Aichi Targets and targets of the Post-2020 Global Biodiversity Framework, 
and SDGs. 

Regional and sectoral organizations can help to underpin global conservation 
goals and targets by developing, implementing and enforcing regional or 
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sectoral-based agreements. Enhanced cooperation at the scale of marine regions 
can play a particular role in specifying global ambitions and objectives into relevant 
and regionally achievable, harmonized and measurable targets. Ensuring the 
implementation of regionally agreed targets and indicators will be important 
to deliver the global conservation goals while taking into account the priorities, 
ecological characteristics, challenges and needs of the regions. Regional ocean 
governance strategies or cooperation platforms should be established in support 
of the 2030 Agenda and to bring together states, regional and global organizations, 
different sectors, and a broad spectrum of stakeholders, including non-governmental 
organizations, research centers, and private sector actors, and donors. A follow-up 
and review mechanism at the regional level can also be relevant to monitor 
and track down the achievement of global conservation goals and their legal 
regional implementation. 

The BBNJ negotiations represent a major opportunity for states to create a 
legally binding instrument that can help to underpin actions taken to achieve global 
conservation goals. It can particularly outline more detailed provisions on capacity 
building, technology transfer and funding initiatives that are currently found in 
UNCLOS. Without this agreement, it can be argued that the Aichi Targets and 
targets of the Post-2020 Global Biodiversity Framework and SDGs will not be fully 
achieved as ocean conservation is currently not fully delineated under the current 
legal framework, in particular in ABNJ which covers almost half of the Earth’s surface. 
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Climate Change and Its Impact on the Ocean 


Martin Visbeck and Sigrid Keiser 


1. Introduction 


Over the last century, the world’s human population has grown rapidly, 
and along with affluent lifestyles, the demand for energy has been growing. Since most 
of this energy is obtained from various kinds of fossil fuels, the atmospheric 
concentration of CO, has been rapidly increasing also. On land, the growing 
population has led to the significant loss of the natural landscape in favor of 
settlements and land culture. This development has resulted in many dimensions of 
pressure on our environment (e.g., Rockström et al. 2009). Climate change, loss of 
biodiversity and ocean acidification, as well as land-based pollution, all affect the 
ocean. The rapid depletion of natural resources and environmental pollution have 
led the global community to sound the alarm bells and articulate a number of 
global agreements to protect the planet and the life-supporting ecosystem services it 
provided to humanity. The Paris Climate Accord, the Sendai Framework for Disaster 
Risk Reduction and the all-encompassing 2030 Agenda for Sustainable Development 
with its Sustainable Development Goals (SDGs) all set out ambitious goals for the 
people and planet. The recognition that the ocean space also plays an important role 
for humanity in general, and its particular central role for small island developing 
states, has led to the inclusion of an explicit SDG for the ocean (Visbeck et al. 2014). 
However, the ocean dimension of the 2030 Agenda goes beyond SDG 14, and there 
are significant linkages across the SDGs. Some of the goals reinforce each other, while 
others are in conflict (Nilsson et al. 2016). Schmidt et al. (2017) provide a deeper 
analysis and, amongst others, highlight the connection between SDG 14 and SDG 13 
as a tight nexus between ocean and climate. 

Geographically, a typical world map in the often-used Mercator projection seems 
to suggest that there could be five separated oceans. However, they are in fact 
well-connected ocean basins and part of a single global ocean system (Figure 1). 
Ocean circulation connects all ocean basins and regions, and therefore, the ocean is 
host to the largest connected ecosystem of our planet and covers more than two-thirds 
of the Earth’s surface. This large surface area combined with an enormous volume of 
water and mass makes the ocean a very important part of the global climate system 
(e.g., Schmitt 2018). 
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Figure 1. Horizontal ocean currents: the ocean is traversed by a large-scale 
overturning circulation that sets the rate at which the deep ocean interacts with the 
atmosphere and is, therefore, crucial for the climate system Source: Figure by Jamie 
Oliver, British Antarctic Survey, 2020; used with permission. 


The rising emissions of carbon dioxide (CO2), methane and other greenhouse 
gases have led to planetary warming. These greenhouse gases are preventing some 
of the heat radiated from the Earth’s surface from escaping into space, heating 
the atmosphere and increasing the back radiation onto the Earth’s surface. Recent 
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estimates of this change in planetary energy changes have revealed that more than 
93% of warming is found in the upper and deep ocean. The large volume and 
high heat capacity of water make the ocean the largest sink of this extra warming. 
In addition to buffering the heat, the ocean also directly stores almost 30% of the 
human emitted carbon dioxide. Taken together, these two effects have significantly 
slowed down human-induced climate change in the atmosphere and on land. At the 
same time, this warming changes the physics, biochemistry and marine ecosystems 
with an already noticeable impact on the marine ecosystem services. 

This fundamental role of the ocean in climate variability and change has 
prompted member states to ask for a topical report of the Intergovernmental Panel 
on Climate Change called the “Special Report on the Ocean and Cryosphere in a 
Changing Climate” (IPCC 2019). We will make extensive use of this detailed report 
to highlight some of the specifics throughout this chapter. 

More generically, the ocean moderates the seasonal cycle of our climate and is 
responsible for what we call a maritime climate with warmer winters and cooler 
summers. It enables the presence of monsoon systems and moderates global rainfall 
and regional weather variability. It plays a key role in coupled ocean—atmosphere 
phenomena, such as El-Nifio, and enables their predictability. On longer timescales, 
the ocean is a critical pacemaker from decade long megadroughts, century long cold 
spells through the cycles of ice ages and beyond. 

The ocean also interacts with other parts of the climate system—land, atmosphere, 
sea ice and the marine ecosystem. Its global circulation system connects ocean basins 
(Figure 1) and the upper ocean with the deeper waters (Figure 2). Ocean currents 
transport heat from warm to cold regions, and thus influence the release of heat 
and moisture to the atmosphere. They are connected with the atmosphere and 
modulate the wind system that in turn drives ocean currents. We speak of a coupled 
ocean—atmosphere climate system. In addition, higher levels of atmospheric CO» 
directly lead to increasing levels of dissolved CO) in the upper ocean, leading to 
a change in the ocean chemistry that lowers the pH, a process known as ocean 
acidification. This ocean acidification describes a movement of pH from a slightly 
basic pH of the sea water (pH about 8 and >7) towards pH-neutral conditions rather 
than turning acidic (pH < 7). 

The effects of a changing ocean have a high impact on our lives. Humans depend 
on the ocean directly by living at the sea and indirectly through profiting from the 
ocean ecosystem services (e.g., Visbeck et al. 2014). Any change in the ocean will 
also affect those services, sometimes directly and sometimes more indirectly, through 
complex interactions with the climate system. For many marine ecosystems, the 
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combined stress from climate change, overuse, habitat destruction and pollution 
lead to dramatic shifts in ways that are often not understood. From a precautionary 
principles perspective, climate change needs to be minimized by decisive mitigation 
action in order to secure ocean ecosystem services for future generations. From the 
perspective that the human effects on the ocean and use of the ocean services need 
to become more sustainable, clear guiding principles can be articulated to inform 
sustainable development for humanity. 
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Figure 2. (a) Meridional ocean circulation: the ocean is traversed by a large-scale 
overturning circulation. This circulation sets the rate at which the deep ocean interacts 
with the atmosphere and is, therefore, essential for the climate system. The red arrows 
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depict a simplified pathway of the warmer water close to the surface, and the blue 
arrows show the spreading of cold water at depths. (b) Sketch of zonally averaged 
vertical circulation for three ocean basins shows the interconnection between the 
different water masses of the global ocean. (c) Replotting of the Atlantic Basin. 
Surface waters: purple; intermediate waters: red; NADW: green; Indian Ocean 
Deep Water (IDW): orange; Pacific Deep Water (PDW): orange; and Antarctic 
Bottom Water (AABW): blue Source: (a) adapted from (. Meredith 2019); figure by 
Jamie Oliver, British Antarctic Survey, 2020; used with permission; (b,c) figure by 
(Talley 2013); used with permission. 


Knowledge about anthropogenic-induced climate change has been assessed by 
the Intergovernmental Panel on Climate Change since 1990 in a series of extensive 
reports. The latest IPCC Synthesis Report was published in 2014. The overall 
observations reported in the report confirm that the atmosphere and the ocean have 
warmed, the amounts of snow and ice have diminished and sea level has risen 
(IPCC 2014). The recent Special Report of the IPCC with a focus on the ocean and 
cryosphere (Special Report on the Ocean and Cryosphere in a Changing Climate, 
IPCC 2019) also emphasizes that climate change has led, for instance, to increasing 
ocean heat content, sea level rise, ocean heatwaves, coral bleaching and melting of 
ocean-terminating glaciers and ice sheets around Greenland and Antarctica. More 
indirect but measurable impacts are growing oxygen minimum zones, and there is 
an expectation that the global ocean overturning circulation will slow down in the 
future. In the following, we will repeat and highlight some of the key findings from 
that report that are particularly relevant in the context of sustainability. 


2. The Ocean as a Heat and CO, Buffer 


Since the pre-industrial era, human activities such as burning fossil fuels, 
e.g., coal and oil; deforestation; and cement production have led to an increase in 
atmospheric concentrations of carbon dioxide (CO2), methane and nitrous oxide. 
The IPCC Synthesis report states that their effects, “together with those of other 
anthropogenic drivers, have been detected throughout the climate system and are 
extremely likely to have been the dominant cause of the observed warming since 
the mid-20th century” (IPCC 2014). The IPCC 2018 states that approximately 1.0 °C 
of global warming above pre-industrial levels, with a likely range of 0.8 to 1.2 °C, 
has been caused by human activities and estimates that global warming is likely 
to reach 1.5 °C between 2030 and 2052 if it continues to increase at the current rate 
(IPCC 2018). 
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The ocean’s role in global warming is associated with its heat capacity, heat 
transport in the ocean and the global water cycle. The ocean has absorbed more than 
90% of the increased heat (e.g., IPCC 2019). Consequently, the atmospheric warming 
would be much more dramatic today without the ocean’s uptake of heat. About 
two thirds of the excess heat have been absorbed within the upper 700 m of the 
ocean. However, the warming has also reached the deep ocean through deep-water 
formation regions and by changing the ocean circulation (IPCC 2019). 

In the past 100 years, the ocean has absorbed a third of man-made carbon dioxide. 
Without the ocean as a sink, the ever-increasing CO, emissions would already have 
caused much more pronounced global warming (e.g., IPCC 2014). 

In addition to the heat buffer effect, the ocean has absorbed one third of global 
CO, emissions (IPCC 2014). When the concentration of CO, in the atmosphere 
rises, the atmosphere ocean pCO? gradient increases, leading to increased ocean CO 
uptake. However, this exchange process is also moderated by the absolute ocean 
temperature. The colder the seawater is, the more CO can be dissolved in the ocean. 
This means, in reverse, that a warming ocean will decrease the CO uptake potential 
of the ocean. Moreover, a warmer surface ocean will increase the ocean’s stratification 
and will make it harder to tap into the deeper ocean layers that provide enormous 
CO, uptake potential. A significant part of the drawdown of surface CO»-rich waters 
is facilitated by the overturning ocean circulation, which itself is expected to decrease. 
In summary, there is an expectation that the ocean might not be able to continue to 
uptake its current share of the anthropogenic CO, emissions, which would increase 
the temperature effect per emitted ton of CO, more strongly (IPCC 2019). 


3. Ocean Currents Regulate Global Climate 


The Arctic, Atlantic, Indian, Pacific and Southern Oceans are all interconnected 
and part of a single Global Ocean. The circulation of the ocean together with 
exchanges between the ocean and the atmosphere, and to a lesser degree, with the 
coastal systems, determine the distribution of heat, freshwater, nutrients, oxygen, 
carbon dioxide and dissolved chemical components around the planet. The large-scale 
circulation of the ocean comprises an interaction of the dominantly wind-driven 
upper-ocean circulation of the various gyres (Figure 1). The vertical exchange between 
the surface and deeper layers is more complex. A prominent example is the global 
meridional overturning circulation (MOC) connecting the sinking regions of the 
higher latitudes with the upwelling regimes around the globe. This interaction leads 
to a complex three-dimensional circulation throughout the global ocean. 
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For example, in the Atlantic sector, the MOC brings warm tropical water 
northward in both hemispheres, mitigating the temperature difference between 
the equator and pole in the North Atlantic while amplifying the pole-to-equator 
temperature difference in the South Atlantic. This transport of heat in the upper 
limb of the Atlantic MOC contributes to the Gulf Stream (indicated in Figure 1) and 
heating of Western Europe, in particular, the Nordic Countries and Seas (Figure 2). 

Global warming can affect this circulation in two ways. First, the melting of 
glacial ice produces low salinity waters that, together with warmer temperatures, 
increase the ocean’s stratification and reduce the formation of deep-water. Second, 
a warmer upper ocean globally makes it more difficult to mix and upwell the cold 
waters from below towards the surface. Thus, experts are expecting a slow-down 
of the MOC in the coming decades. However, the full impact of these changes in 
the physical ocean is not fully understood, and future ocean observation and better 
understanding are needed globally. 

A changing climate will also result in an atmospheric wind system. This in 
turn will directly influence the upper ocean circulation. However, the large 
interannual variability of the wind systems to date is significantly larger than 
climate change-induced signals. There is some evidence for a poleward shift of 
all major boundary currents over the last century and some suggestions of an 
intensification of the trade winds. All of this will affect the connectivity of the open 
ocean with the coasts of its ecosystems with significant regional differences (IPCC 
2014 synthesis report). 


4. Climate Change Induces Challenges for the Future Ocean 


Unabated carbon emissions from human activities causing ocean warming, 
ocean acidification and oxygen loss, with some evidence of changes in nutrient 
cycling and primary production, will lead to more climate change. Some of the 
key parameters with their observed trend are listed in Figure 3. Two scenarios, a 
high emission and low emission one, are compared in the time series in Figure 4. 
The different projections for the climate future are described by Representative 
Conservation Pathways (RCPs), all of which are considered possible depending 
on the volume of greenhouse gases emitted in the years to come. Only the lowest 
projection represents mitigation pathways compatible with the 1.5 °C warming limit 
of the Paris Agreement. In particular, the high emission scenarios will cause several 
challenges for the future of the ocean. 
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Figure 3. “Schematic illustration of key components and changes of the ocean and 
cryosphere, and their linkages in the Earth system through the global exchange of 
heat, water, and carbon. Climate change-related effects (increase/decrease indicated 
by arrows in pictograms) in the ocean include sea level rise, increasing ocean heat 
content and marine heatwaves, increasing ocean oxygen loss and ocean acidification. 
For illustration purposes, a few examples of where humans directly interact with 
ocean and cryosphere are shown” Source: Reprinted from (IPCC 2019, p. 43); used 
with permission. Figure TS.2 from IPCC 2019 Technical Summary. 


e Ocean warming 


The ocean has warmed progressively in recent decades. This trend is readily 
detectable in oceanic observations. The processes of global warming are scientifically 
well understood, and projections through climate models consistently show the 
global warming trend (IPCC 2019). The IPCC states: “These trends in the global 
average ocean temperature will continue for centuries after the anthropogenic forcing 
is stabilized” (IPCC 2019). The IPCC concludes that “this temperature increase 
corresponds to an uptake of over 90% of the excess heat accumulated in the Earth 
system over this period by the ocean and also causes it to expand and has contributed 
about 43% of the observed global mean sea level rise” (IPCC 2019). The IPCC 
summarizes that 
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The ocean has warmed unabated since 2005, continuing the clear 
multidecadal ocean warming trends. The warming trend is further 
confirmed by the improved ocean temperature measurements over the last 
decade. (... ) By 2100 the ocean is very likely to warm by 2 to 4 times as 
much for low emissions and 5 to 7 times as much for the high emissions 
scenario compared with the observed changes since 1970. (... ) The overall 
warming of the ocean will continue this century even after radiative forcing 
and stabilized mean surface temperatures. (IPCC 2019) 


e Sea level rise 


Global mean sea level is rising, with acceleration in recent decades (IPCC 2019). 
The IPCC report states that the sum of glacier and ice sheet contributions is now the 
dominant source of sea level rise followed by ocean warming (IPCC 2019). Future sea 
level rise caused by thermal expansion, melting of glaciers and ice sheets and land 
water storage changes is strongly dependent on which emission scenario is followed 
by society (IPCC 2019). Under all scenarios of the IPCC’s projections—including 
those compatible with achieving the long-term temperature goal set out in the 
Paris Agreement—sea level rise will be faster at the end of the century (IPCC 2019). 
Projections of the IPCC conclude that the global mean sea level will rise between 
0.29 and 0.59 m for low emissions and 0.61-1.10 m for high emissions by 2100 (IPCC 
2019). However, sea level does not rise globally uniformly and varies regionally as 
“thermal expansion, ocean dynamics and land ice loss contributions will generate 
regional departures of about +30% around the mean” (IPCC 2019). The differences 
from the global mean can be even greater in areas of rapid vertical land movements, 
including those caused by local anthropogenic factors, such as groundwater extraction 
(IPCC 2019). Therefore, the IPCC concludes that regional sea level rise is, in particular, 
a high risk to low-lying islands, coasts, cities and settlements, and needs response 
options and pathways to resilience and sustainable development along the coast 
(IPCC 2019). 


e Ocean acidification 


In the past 50 years, the ocean has taken up 20-30% of total carbon 
dioxide released into the atmosphere by human activities (IPCC 2019). However, 
as consequence, the average pH at the ocean surface has lowered from 8.2 to 8.1, 
which translates into a 30% increase in acidity (IPCC 2018). 
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since 1950, and projected future changes under low (Representative Concentration 
Pathways (RCP) 2.6; requires that carbon dioxide emissions start to decline by 2020 
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and go to zero by 2100) and high (RCP8.5) greenhouse gas emissions scenarios 
(emissions continue to rise throughout the 21st century). Changes are shown for: 
(a) Global mean surface air temperature change with likely range. Ocean-related 
changes with very likely ranges for (b) Global mean sea surface temperature change; 
(c) Change factor in surface ocean marine heatwave days; (d) Global ocean heat 
content change (0-2000 m depth). An approximate steric sea level equivalent is 
shown with the right axis by multiplying the ocean heat content by the global-mean 
thermal expansion coefficient (e ~ 0.125 m per 1024 Joules) for observed warming 
since 1970; (h) Global mean surface pH (on the total scale). Assessed observational 
trends are compiled from open ocean time series sites longer than 15 years; and 
(i) Global mean ocean oxygen change (100-600 m depth). Assessed observational 
trends span 1970-2010 centered on 1996. Sea level changes with likely ranges for 
(m) Global mean sea level change. Hashed shading reflects low confidence in sea 
level projections beyond 2100 and bars at 2300 reflect expert elicitation on the range 
of possible sea level change; and components from (e,f) Greenland and Antarctic ice 
sheet mass loss; and (g) Glacier mass loss. Further cryosphere-related changes with 
very likely ranges for (j) Arctic sea ice extent change for September; (k) Arctic snow 
cover change for June (land areas north of 60° N); and (1) Change in near-surface 
(within 3-4 m) permafrost area in the Northern Hemisphere.” Source: Reprinted 
from (IPCC 2019, pp. 17, 44); used with permission. Figure SPM.1 from IPCC 2019 
Summary for Policymakers in IPCC Special Report on the Ocean and Cryosphere 
in a Changing Climate. 


Higher acidity affects the balance of minerals in the water, which, for example, 
can make it more difficult for marine animals building their protective skeletons 
or shells. Some studies show the impact of ocean acidification on food chains and 
biodiversity, “but more efforts are required to strengthen our knowledge about the 
impact of acidification on the wider food web”, states the IPCC (2019). 


The ocean is continuing to acidify in response to ongoing ocean carbon 
uptake. The open ocean surface water pH is observed to be declining 
(virtually certain) by a very likely range of 0.017—0.027 pH units per decade 
since the late 1980s across individual time series observations longer than 
15 years. The anthropogenic pH signal is very likely to have emerged for 
three-quarters of the near-surface open ocean prior to 1950 and it is very 
likely that over 95% of the near surface open ocean has already been affected. 
These changes in pH have reduced the stability of mineral forms of calcium 
carbonate due to a lowering of carbonate ion concentrations, most notably 
in the upwelling and high-latitude regions of the ocean. (IPCC 2019, p. 59) 
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e Ocean deoxygenation 


Dissolved oceanic oxygen supports the largest ecosystems on the planet. Global 
warming impacts ocean oxygen in two ways: firstly, warmer water has a reduced 
capacity to hold oxygen and, secondly, the reduction in ocean mixing and circulation 
limits the uptake of oxygen from the atmosphere, because when water is not mixed, 
the top layer will be saturated with oxygen, while the bottom becomes anoxic. 
The oxygen in the ocean also depends on oxygen producing organisms living in the 
ocean. These organisms also depend on the water temperature and light availability 
and are influenced by climate change. Deoxygenation disrupts marine ecosystems 
causing loss of habitats and biodiversity, which can have knock-on effects, such as 
harming natural fish stocks and aquaculture. 

There is a growing consensus that the open ocean is losing oxygen overall with 
a very likely loss of 0.5-3.3% over the period 1970 to 2010 from the ocean surface to 
1000 m. Globally, the oxygen loss due to warming is reinforced by other processes 
associated with ocean physics and biogeochemistry, which cause the majority of the 
observed oxygen decline. The oxygen minimum zones (OMZs) are expanding by a 
very likely range of 3-8%, most notably in the tropical oceans, but there is substantial 
decadal variability that affects the attribution of the overall oxygen declines to human 
activity in tropical regions. Ocean model simulations predict a very likely decline in 
the dissolved oxygen content of the ocean by 3.2-3.7% (high emission scenario) by 
2081-2100, relative to 2006-2015, or by 1.6-2.0% for the low emission scenario (IPCC 
2019). The volume of the oceans OMZ is projected to grow by a very likely range of 
7.0 + 5.6% by 2100 during the high emission scenario, relative to 1850-1900 caused 
by a combination of a warming-induced decline in oxygen solubility and reduced 
ventilation of the deep ocean (IPCC 2019). 

Deoxygenation accompanies ocean warming and ocean acidification as one of 
the three major oceanic consequences of rising atmospheric CO; levels (Levin and 
Breitburg 2015). 

The decline in the oceanic oxygen content can affect ocean nutrient cycles 
and the marine habitat, with potentially detrimental consequences for fisheries, 
ecosystems and coastal economies. Oxygen loss is closely related to ocean warming 
and acidification caused by CO, increase driven by CO) emissions as well as 
biogeochemical consequences related to anthropogenic fertilization of the ocean. 
A combined effort investigating the different stressors will be most beneficial to 
understand future ocean changes (Schmidtko et al. 2017). 


e Marine heatwaves 
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Marine heatwaves are periods of extremely high ocean temperatures. Scientists 
found that marine heatwaves have doubled in frequency and have become 
longer-lasting and more intense. The IPCC reports that marine heatwaves “have 
negatively impacted marine organisms and ecosystems in all ocean basins over the 
last two decades, including critical foundation species such as corals, sea grasses and 
kelps” (IPCC 2019). However, marine heatwaves are projected to further increase in 
frequency, duration, spatial extent and intensity (maximum temperature) (Frolicher 
et al. 2018). The IPCC reports that “climate models project increases in the frequency 
of marine heatwaves by 2081-2100, relative to 1850-1900, by approximately 50 times 
under a high emission scenario and 20 times under the low emission scenario” (IPCC 
2019). The largest increases in frequency are projected for the Arctic and the tropical 
oceans. The intensity of marine heatwaves is projected to increase about 10-fold 
under a high emission scenario by 2081-2100, relative to 1850-1900 (IPCC 2019). 


In the absence of more ambitious adaptation efforts compared to today, and 
under current trends of increasing exposure and vulnerability of coastal 
communities, risks, such as erosion and land loss, flooding, salinization, 
and cascading impacts due to mean sea level rise and extreme events 
are projected to significantly increase throughout this century under all 
greenhouse gas emissions scenarios (very high confidence). Under the 
same assumptions, annual coastal flood damages are projected to increase 
by 2-3 orders of magnitude by 2100 compared to today (high confidence). 
(IPCC 2019) 


e Extreme events 


Projections in the IPCC show that climate change influences extreme events. 
Climate change is even projected to potentially cause abrupt changes in the ocean 
and the cryosphere (IPCC 2019). 

In the ocean, a possible abrupt change is associated with an interruption of the 
Atlantic Meridional Overturning Circulation (AMOC). The AMOC is an important 
component of global ocean circulation. A slowdown of the AMOC could have 
consequences around the world: rainfall in the Sahel region could reduce, hampering 
crop production; the summer monsoon in Asia could weaken; increase in regional 
sea level around the Atlantic, especially along the northeast coast of North America; 
and there might be more winter storms in Europe (IPCC 2019). 
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e Impacts on marine ecosystems 


The ocean is home to at least 230,000 known species in a variety of habitats that 
stretch from the flat coastline to the deep sea. Despite the ocean’s important role 
in the climate system, its biodiversity serves, among other things, as an important 
food source. Changing physics and biochemistry of the ocean change the marine 
ecosystems and its services to humans. Marine biodiversity includes organisms that 
live in suspension in the water column with limited mobility (plankton), animals 
that live in the water column that can actively swim (nekton) and organisms that 
live within or on the sea floor (benthos). Moreover, most living phyla have marine 
representatives, with sizes that range from the smallest (archaea and viruses) to the 
largest living beings (the blue whale) (e.g., European Marine Board EMB). They play 
different roles throughout their life, inhabiting different environments and providing 
different functions. Particularly, wild fish capture is an important ecosystem service, 
and its abundance depends, among other factors, on the climatic related ocean 
conditions. 

The IPCC states that ocean warming has contributed to observed changes in 
the biogeography of organisms ranging from phytoplankton to marine mammals, 
consequently changing community composition, and in some cases, altering 
interactions between organisms (IPCC 2019; summary provided in Figure 5). 
The IPCC projections show that along with ocean warming and changes in net 
primary productivity during the 21st century, global marine animal biomass and the 
maximum potential catches of fish stocks will be reduced, although with regional 
differences in the direction and magnitude of changes (IPCC 2019). 
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(d) Impacts and risks to ocean ecosystems from climate change Global mean sea surface temperature (SST) 
change relative to pre-industrial levels (°C) 
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Figure 5. “Projected changes, impacts and for coastal and open ocean ecosystems. 
Specifically, assessment of risks for coastal and open ocean ecosystems based on 
observed and projected climate impacts on ecosystem structure, functioning and 
biodiversity. Impacts and risks are shown in relation to changes in Global Mean 
Surface Temperature (GMST) relative to pre-industrial level. Since assessments of 
risks and impacts are based on global mean Sea Surface Temperature (SST), the 
corresponding SST levels are shown.” Source: Reprinted from (IPCC 2019, p. 33); 
used with permission. Figure SPM.3 (d) from IPCC 2019 Summary for Policymakers 
in IPCC Special Report on the Ocean and Cryosphere in a Changing Climate. 


The projections from the IPCC show that these “future shifts in fish distribution 
and decreases in their abundance and fisheries catch potential due to climate 
change are projected to affect income, livelihoods, and food security of marine 
resource-dependent communities. Long-term loss and degradation of marine 
ecosystems compromise the ocean’s role in cultural, recreational, and intrinsic 
values important for human identity and well-being” (IPCC 2019). 


The projected redistribution of resources and abundance increases the 
risk of conflicts among fisheries, authorities or communities. Global 
warming compromises seafood safety through human exposure to elevated 
bioaccumulation of persistent organic pollutants and mercury in marine 
plants and animals, increasing prevalence of waterborne Vibrio pathogens, 
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and heightened likelihood of harmful algal blooms. These risks are projected. 
to be particularly large for human communities with high consumption 
of seafood, including coastal Indigenous communities, and for economic 
sectors such as fisheries, aquaculture, and tourism. (IPCC 2019, p. 26) 


Higher acidity affects the balance of minerals in the water, which, for example, 
can make it more difficult for certain marine animals to build their protective skeletons 
or shells, as they must have access to available calcium in the seawater. This affects, 
for example, reef-building hard corals, as well as oysters, clams and snails that 
are composed of calcium carbonate (IPCC 2019). For coral polyps, for example, a 
52-73% decline in larval settlement on reefs under lower pH levels has been shown 
(e.g., van Doorn et al. 2015). When the coral polyps have grown, scientists can also 
measure the calcification rates of hard corals. Studies show that ocean acidification 
has had a negative impact on the rate at which corals calcify, making them more 
brittle and less resilient to other factors influencing their survival in the future (e.g., 
van Doorn et al. 2015). 

Coral reefs form habitats in the ocean, being home to the richest and most 
diverse biodiversity of our ocean. The survival of thousands of other marine species 
depends on coral reefs—many of which we rely on for food. In addition, they act as 
buffers against sea-level rise and increased storm intensity and thus play a critical 
role in mitigating and adapting to climate change (IPCC 2019). 


e Impacts on coastal communities 


Coastal areas are particularly vulnerable to the effects of climate change, such as 
sea level rise, storm intensity and flooding, increased temperatures, ocean acidification 
and low oxygen zones, all resulting in changing marine ecosystems. At the same 
time, coastal areas are highly populated, and today, about two-thirds of the world’s 
population live within 60 km of the coast (United Nations Atlas of Oceans n.d.), 
and societies depend on global transport via shipping routes and harbors (e.g., 
IPCC 2019). More than 600 million people (around 10 per cent of the world’s 
population) live in coastal areas that are less than 10 m above sea level (IPCC 2019). 
The IPCC summarizes that “coastal areas are zones of concentrated biodiversity and 
natural productivity and will be particularly affected by multiple stressors because 
this is where most human activities take place and where pressure accumulates” 
(IPCC 2019). 

The IPCC report states that increased mean and extreme sea level, ocean warming 
and ocean acidification will be the major threats for communities in low-lying coastal 
areas, delta regions and resource rich coastal until 2050 under current adaptation 
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(IPCC 2019). At global scale, coastal protection could reduce flood risk by 2-3 orders 
of magnitude during the 21st century, but depends on large investments, and some 
island communities have already lost their homes due to sea level rise (IPCC 2019). 
Such investments can be cost efficient for densely populated urban areas, but they 
might be difficult to afford for rural and poorer areas (IPCC 2019). 


5. Conclusions 


Climate change is among the main drivers of change also for the ocean system. 
At the same time, the ocean is part of the climate system and provides “memory” 
and regional redistribution of climate signals. In the 2030 Agenda for sustainable 
development, both climate and ocean have specific goals (SDG 13 and 14, respectively). 
While both the ocean and climate issues transgress many of the goals (e.g., Nilsson 
et al. 2016), the rapidly advancing scientific understanding of both the ocean and 
climate system has allowed for the in-depth assessment of what is known (e.g., IPCC 
2019, extensively referred to in this paper). 

On the other hand, the 2030 Agenda for Sustainable Development and the 
Paris Climate Agreement are focused on action. While the scientific evidence and 
problem diagnostic down to the regional level is well advanced, the impacts on the 
local level and the assessment of development options and solutions to adapt and 
mitigate climate and ocean change are less well researched. A recent report from 
the High Level Panel for Sustainable Ocean Economy discusses “The Ocean as a 
Solution for Climate Change: 5 Opportunities for Action” (Hoegh-Guldberg et al. 
2019) and suggests that up to 25% of the needed CO, emission reductions can be 
obtained by ocean-related actions, which include innovation and efficiency gains in 
the maritime industry but also nature-based solutions to increase ocean uptake of 
CO, and ocean-based energy production. 

Connecting Ocean Science with the quest for action and solutions is the focus 
of the upcoming UN Decade of Ocean Sciences for Sustainable Development (e.g., 
Ryabinin et al. 2019). In order to fully achieve the Ocean Decade Objectives as 
well as the ocean dimension of the 2030 Agenda, growth and transformation in 
how we conduct ocean science towards more integration across disciplines and 
knowledge systems are essential (Pendleton et al. 2020). This will require a sustained 
ocean observation system; all ocean data shared freely; new and more effective 
ways of analyzing observational data fused with ocean and climate model; and 
enhancing timely assessment, predictions and scenario development of future ocean 
conditions (Visbeck 2018). At the same time, we need to grow ocean science capacity 
and capabilities worldwide and establish the sharing of resources and information. 
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A particular focus is the countries of the global south and small island states who are 
fully aware of the challenges. Ocean science must come together to be in a position 
to support decision makers by providing knowledge and frameworks to weigh the 
ecological, environmental and human impacts of different sustainable development 
pathways. New and innovative ways of collaborating amongst all ocean stakeholders 
will need to be identified. Disciplines and perspectives not always represented in 
ocean science will need to be involved in order to share their knowledge and attain a 
more holistic understanding. 


Author Contributions: S.K. and M.V. contributed equally to the review article. 


Conflicts of Interest: The authors declare no conflict of interest. 


References 


European Marine Board (EMB). 2019. Navigating the Future V: Marine Science for a Sustainable 
Future. Position Paper 24 of the European Marine Board. Ostend: European Marine Board, 
ISBN 9789492043757. [CrossRef] 

Frélicher, Thomas L., Erich M. Fischer, and Nicolas Gruber. 2018. Marine heatwaves under 
global warming. Nature. [CrossRef] 

Hoegh-Guldberg, Ove, Ken Caldeira, Thierry Chopin, Steve Gaines, Peter Haugan, Mark 
Hemer, Jennifer Howard, Manaswita Konar, Dorte Krause-Jensen, Elizabeth Lindstad, 
and et al. 2019. The Ocean as a Solution to Climate Change: Five Opportunities for 
Action. Report. Washington, DC: World Resources Institute, Available online: http: 
//www.oceanpanel.org/climate (accessed on 8 February 2021). 

IPCC. 2014. Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III 
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Edited by 
Rajendra K. Pachauri and Leo Meyer. Geneva: IPCC, 151p. 

IPCC. 2018. Summary for Policymakers. In Global Warming of 1.5 °C. An IPCC Special Report 
on the Impacts of Global Warming of 1.5 °C Above Pre-Industrial Levels and Related Global 
Greenhouse Gas Emission Pathways, in the Context of Strengthening the Global Response to the 
Threat of Climate Change, Sustainable Development, and Efforts to Eradicate Poverty. Edited 
by Valerie Masson-Delmotte, Panmao Zhai, Hans-Otto Portner, Debra C. Roberts, James 
Skea, Priyadarshi R. Shukla, Anna Pirani, Wilfran Moufouma-Okia, Clotilde Péan, Roz 
Pidcock and et al. Geneva: World Meteorological Organization, p. 32. 

IPCC. 2019. IPCC Special Report on the Ocean and Cryosphere in a Changing Climate. Edited by 
Hans-Otto Portner, Debra C. Roberts, Valerie Masson-Delmotte, Panmao Zhai, Melinda 
Tignor, Elvira Poloczanska, Katja Mintenbeck, André Alegria, Maike Nicolai, Andrew 
Okem and et al. Geneva: World Meteorological Organization, in press. 


105 


Levin, Lisa A., and Denise L. Breitburg. 2015. Linking coasts and seas to address ocean 
deoxygenation. Nature Climate Change 5: 401-3. [CrossRef] 

. Meredith, Michael P. 2019. The global importance of the Southern Ocean, and the key role of 
its freshwater cycle. Ocean Challenge 23: 27-32. 

Nilsson, Mans, Dave Griggs, and Martin Visbeck. 2016. Policy: Map the interactions between 
Sustainable Development Goals. Nature 534: 320-2. [CrossRef] [PubMed] 

Pendleton, Linwood, Karen Evans, and Martin Visbeck. 2020. We need a global movement to 
transform ocean science for a better world. Proceedings of the National Academy of Sciences 
of the United States 117: 9652-55. [CrossRef] [PubMed] 

Rockstrém, Johan, Will Steffen, Kevin Noone, Asa Persson, F. Stuart Chapin III, Eric Lambin, 
Timothy M. Lenton, Marten Scheffer, Carl Folke, Hans Joachim Schellnhuber, and et al. 
2009. Planetary Boundaries: Exploring the safe operating space for humanity. Ecology 
and Society 14: 32. Available online: http://www.ecologyandsociety.org/vol14/iss2/art32/ 
(accessed on 8 February 2021). 

Ryabinin, Vladimir, Julian Barbiére, Peter Haugan, Gunnar Kullenberg, Neville Smith, Craig 
McLean, Ariel Troisi, Albert Fischer, Salvatore Arico, Thorkild Aarup, Peter Pissierssens, 
and et al. 2019. The UN Decade of Ocean Science for Sustainable Development. Frontiers 
in Marine Science 6. [CrossRef] 

Schmidt, Stefanie, Barbara Neumann, Ywonne Waweru, Carole Durussel, Sebastian Unger, 
and Martin Visbeck. 2017. SDG 14—Conserve and Sustainable Use the Oceans, Seas and 
Marine Resources for Sustainable Development. In A Guide to SDG Interactions: From 
Science to Implementation. Edited by Griggs David, Nilsson Mans, Stevance Anne-Sophie 
and McCollum David. Paris: International Council for Science (ICSU), pp. 174-218. 

Schmidtko, Sunke, Lothar Stramma, and Martin Visbeck. 2017. Decline in global oceanic 
oxygen content during the past five decades. Nature 542: 335-9. [CrossRef] [PubMed] 

Schmitt, Raymond W. 2018. The ocean’s role in climate. Oceanography 31: 32-40. [CrossRef] 

Talley, Lynne D. 2013. Closure of the global overturning circulation through the Indian, Pacific, 
and Southern Oceans: Schematics and transports. Oceanography 26: 80-97. [CrossRef] 

United Nations Atlas of Oceans. n.d. Available online: www.oceansatlas.org (accessed on 28 
June 2020). 

van Doorn, Erik, Rene Friedland, Uwe Jenisch, Ulrike Kronfeld-Goharani, Stephan Lutter, 
Konrad Ott, Martin Quaas, Katrin Rehdanz, Wilfried Rickels, Jorn Schmidt, and et al. 2015. 
World Ocean Review 2015: Living with the Oceans 4. Sustainable Use of our Oceans—Making 
Ideas Work. Hamburg: Maribus gGmbH, ISBN 978-3-86648-253-1. 

Visbeck, Martin. 2018. Ocean science research is key for a sustainable future. Nature 
Communications 9: 690. [CrossRef] 


106 


Visbeck, Martin, Ulrike Kronfeld-Goharani, Barbara Neumann, Wilfried Rickels, Jorn Schmidt, 
Erik van Doorn, Nele Matz-Liick, Konrad Ott, and Martin F. Quaas. 2014. Quaas Securing 


blue wealth: The need for a special sustainable development goal for the ocean and 
coasts. Marine Policy 48: 184-91. [CrossRef] 


© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open 
access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 


107 


14 sow xs 


Deep-Sea Mining: Can It Contribute to 
Sustainable Development? 


Luise Heinrich and Andrea Koschinsky 


1. Introduction 


Sustainable development is a kind of “development that meets the needs of 
the present without compromising on the ability of future generations to meet 
their own needs” (Brundtland 1987, para. 27). It aims at balancing economic 
development with human well-being and environmental conservation, taking into 
account concerns of inter- and intragenerational equity. The need to divert from a 
business-as-usual development path to a more sustainable one was re-emphasized 
by the international community in 2015, when all of the United Nations’ member 
states adopted the 2030 Agenda for Sustainable Development (A/RES/70/1). The 2030 
Agenda presents “a plan of action for people, planet and prosperity” (A/RES/70/1, 
preamble) and brings together the 2000 Millennium Development Goals (MDGs) and 
the climate and environment agenda rooted in the 1992 Earth Summit (Rio de Janeiro, 
Brazil) (BMU 2015). At the center of the 2030 Agenda are 17 interlinked sustainable 
development goals (SDGs) with 169 associated targets, which reflect the 2030 Agenda’s 
objectives to “end poverty and hunger everywhere; to combat inequalities; to protect 
human rights and promote gender equality and the empowerment of women and 
girls; and to ensure the lasting protection of the planet and its natural resources”, 
as wellas the creation of “conditions for sustainable, inclusive and sustained economic 
growth, shared prosperity and decent work for all, taking into account different levels 
of national development and capacities” (A/RES/70/1, page 3). 

Whether mining is compatible with the concept of sustainable development is 
debatable. On the one hand, mineral resources serve as important raw materials used 
for the manufacture of a myriad of goods, including, inter alia, construction materials 
and electronic devices (UNDP and UN Environment 2018). Furthermore, the export 
of mineral raw materials makes up a large share of the national economies of many 
countries. On the other hand, mining entails the exploitation of a finite resource which 
is often associated with substantial environmental destruction. Furthermore, once 
depleted, the resource will no longer be available for future generations, as mineral 
deposits take millions of years to form. Due to declining ore grades, it is likely that 
terrestrial mines will in the future be forced to expand more rapidly both laterally 
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and vertically to keep the production constant. Furthermore, it is expected that mines 
will move into more remote terrains, which taken altogether will likely intensify 
social and environmental pressures (Calvo et al. 2016). 

Deep-sea mining, which describes the recovery of marine minerals from the 
deep seabed, may in the future contribute to meeting the metal demand of the 
growing world population (Hein et al. 2013). The idea of deep-sea mining first 
emerged in the 1960s, when the economic potential of marine mineral resources 
was widely recognized (Mero 1965; Sparenberg 2019). At that time, the interest 
in deep-sea mining was purely economic and geostrategic, as deep-sea mining 
was seen as a means to generate revenue and to decrease the dependency on 
foreign metal exports (Sparenberg 2019; Koschinsky et al. 2018). For a long time, 
the deep-sea mining narrative has, in this regard, followed the assumption that 
marine mineral resources are of greater value if they are exploited and converted 
into revenue (Christiansen et al. 2019). This is underpinned by the claim that 
deep-sea mining could provide the metals needed for the transition to a low-carbon 
economy (Paulinkas et al. 2020; Hein et al. 2013). Moreover, studies claim that 
deep-sea mining may, in fact, be more environmentally friendly than terrestrial 
mining (Paulinkas et al. 2020; Batker and Schmidt 2015; Hein and Koschinsky 2014; 
Koschinsky et al. 2018). This rather positive outlook on deep-sea mining is, however, 
increasingly challenged, as concerns about the potential large-scale and long-term 
environmental impacts and the potential implications for human and ecosystem 
well-being are raised (Weaver and Billet 2019). Furthermore, it has been questioned 
whether a comparison of terrestrial and deep-sea mining is even warranted, given 
that there is no indication that deep-sea mining will eventually replace terrestrial 
mining. Instead, it is more likely that both will be carried out in parallel, ultimately 
intensifying environmental and social conflicts even further (Christiansen et al. 2019). 

With commercial deep-sea mining on the horizon, it becomes increasingly 
important to explore if and how deep-sea mining can contribute to sustainable 
development. This requires a thorough assessment of environmental, economic 
and social concerns (Figure 1). Following this introduction, this chapter will 
present the three different types of marine mineral deposits under consideration 
to be mined, including envisioned mining concepts, and quickly explain the legal 
context of deep-sea mining. Subsequently, the chapter will outline environmental, 
economic and social considerations and conclude with a section on implications for 
sustainable development. 
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Social Impacts 
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~ Capacity building opportunities 
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Figure 1. Overview of marine mineral deposits, mining techniques, and impacts. 
Positive and negative impacts are shown in green and red, respectively. Impacts in 
parentheses indicate potential impacts, which can be good or bad depending on 
external factors, such as the availability of effective policies or capacity-building 
initiatives. Impacts without parentheses are certain. Source: Figure by author; 
modeled after (Aldred 2019). 


2. Types of Marine Mineral Deposits 


Manganese nodules (here forth simply referred to as nodules) are small, 
potato-shaped mineral concretions, which mainly consist of concentric intergrown 
layers of iron and manganese oxides, but also contain significant quantities of various 
metals, including nickel, copper, cobalt, molybdenum, zinc, platinum, tellurium, and 
rare earth elements (Hein and Koschinsky 2014). They form by the precipitation of 
metals from seawater or sediment pore water and occur nearly everywhere on the 
world’s oceans, but are especially abundant in the Clarion-Clipperton-Zone (CCZ), 
the Peru Basin, near the Cook Islands (all located in the Pacific Ocean), and the 
Central Indian Ocean Basin (Hein et al. 2013; Petersen et al. 2016). Most nodule 
mining concepts envision mining operations to consist of one or more remotely 
operated vehicles, which will collect nodules at the seafloor. From there, the nodules 
will be pumped through a riser pipe and deposited onboard a production support 
vessel at the surface. Onboard, the nodules will be washed, partially dried and 
stored until they are collected by a transport vessel and brought to land, where 
they will be metallurgically processed. The wastewater sediment mixture will be 
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returned to the water column (Atmanand and Ramadass 2017; Blue Mining 2014; 
Hong et al. 2010; Ramboll IMS & HWWI 2016). It has been suggested that this should 
happen at near-seafloor depth to avoid the contamination of pelagic ecosystems 
(Drazen et al. 2020). 

Ferromanganese crusts (here forth simply referred to as crusts) form through 
the precipitation of metals on the sediment-free summits, platforms, slopes and 
saddles of seamounts in water depth between 400 and 7000 m over the course of 
millions of years (Hein and Koschinsky 2014). They consist of strongly intergrown 
sub-crystalline iron and manganese oxide layers of up to 25 cm thickness and 
contain economically interesting quantities of other metals, including nickel, copper, 
cobalt, molybdenum, zirconium, niobium and rare earth elements and reach a 
known maximum thickness of about 25 cm (Halbach et al. 1982; Hein et al. 1992; 
Lusty et al. 2018). It is believed that there are thousands of seamounts located across 
the world’s oceans, but the Prime Crust Zone (PCZ), which stretches from the 
Mariana Trench to the Hawaiian Islands, is of particular interest because of its 
high abundance of crusts with highly valuable metal contents (Wessel et al. 2010; 
Lusty et al. 2018; Hein and Koschinsky 2014). Due to their firm attachment to the 
underlying rock, the mining of crusts is considered challenging (Lusty et al. 2018; 
Koschinsky et al. 2018). In August 2020, the Japan Oil, Gas, and Mineral National 
Corporation JOGMEC) announced that it conducted the world’s first successful 
crust-mining test, during which they excavated 649 kg of crusts from the seafloor off 
the Japanese coast, using a crust-excavating testing machine developed by JOGMEC 
itself JOGMEC 2020). 

Seafloor massive sulfide (SMS) deposits form in hydrothermally active areas 
through the precipitation of minerals, when hot metal-rich hydrothermal fluids 
cool or get in contact with cold ambient seawater (Hannington et al. 2005). They 
consist mainly of metal-sulfur compounds and contain significant amounts of iron, 
copper, zinc, silver, and gold, as well as smaller quantities of rare earth elements 
(Monecke et al. 2014). SMS deposits are located in geologically active areas such 
as mid-ocean ridges, and in volcanic arc and back arc basins, and at intraplate 
volcanoes (Petersen et al. 2016). Based on plume studies and deposit occurrence 
models, Hannington et al. (2011) estimated that there are between 500 and 5000 vent 
fields with associated mineral deposits. Hydrothermal vent fields are considered 
active, while the venting of hydrothermal fluids is ongoing, inactive and eventually 
extinct when it ceases. Vents located on slow-spreading ridges (e.g., Atlantic Ocean) 
can last for hundreds of thousands of years whereas those located on fast-spreading 
riches (e.g., East Pacific Rise) often rise and fall over decades (Copley et al. 2016). 
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Deep-sea mining of seafloor massive sulfide deposits will likely concentrate on 
inactive vent sites, which have accumulated over a longer time than active vent 
sites (German et al. 2016; Van Dover et al. 2018). Furthermore, active venting of hot 
hydrothermal fluids may pose a significant threat to mining equipment (SPC 2013c). 
Mining concepts currently envision the combined use of different seafloor vehicles 
(bulk cutter, auxiliary cutter and collector), which will cut and collect the ore at 
the seafloor. From there, it will be pumped to the seafloor, cleaned from sediment 
onboard a mining vessel and then transported to shore for further metallurgical 
processing (SPC 2013c). More recently, the use of vertical cutter systems has been 
suggested (Spagnoli et al. 2016). 


3. Deep-Sea Mining in Areas within and Beyond the Limits of 
National Jurisdiction 


The responsibility of regulating the exploration and exploitation of marine 
mineral deposits in territorial waters, exclusive economic zones (EEZs) and the 
continental shelf zones lies with the respective coastal states, who are obligated 
by the United Nations Convention on the Law of the Sea (UNCLOS) to adopt 
appropriate regulations that are “no less effective than international rules, standards 
and recommended practices and procedures” (UNCLOS, Article 208 (3), see Section 4.3 
below for information on environmental obligations of coastal states). Deep-sea 
mining in areas beyond national jurisdiction is primarily regulated by Part XI 
of UNCLOS (the Area) and the corresponding 1994 Agreement relating to the 
implementation of Part XI of UNCLOS (1994 IA). The international seabed (termed 
the Area by UNCLOS) and its resources constitute the Common Heritage of Mankind 
(CHM) (UNCLOS, Article 136), which means that the resources of the Area are vested 
in mankind as a whole (UNCLOS, Article 137 (1)), effectively prohibiting states from 
claiming, acquiring, or exercising sovereign rights over them (UNCLOS, Article 137 
(3)). Instead, the resources of the Area are managed by the International Seabed 
Authority (ISA), which has been established by UNCLOS (153 (1)), and is to act on 
behalf of mankind as a whole (UNCLOS, 137 (2)). 

The CHM principle has been established to ensure that the benefits from 
exploiting the resources of the Area are shared by all countries “irrespective of 
the geographic location of States, whether coastal or land-locked, and taking into 
particular consideration the interests and needs of developing States” (UNCLOS, 
Article 140). As such, its objective is to prevent a situation in which the benefits 
obtained from seabed mining can only be enjoyed by industrialized countries, 
which have the financial capacity and technical skill to carry out such an expensive 
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and risky endeavor (Jaeckel et al. 2016). Key elements of the CHM principle 
include (1) the exclusive use of the international seabed for peaceful purposes 
(UNCLOS, Article 141), (2) the principle of non-appropriation (UNCLOS Article 
137 (1)), (3) the reservation of mineable areas for developing states in the Area, 
(4) the equitable sharing of any monetary and non-monetary benefits (UNCLOS, 
Article 140(2)) and (5) the protection and preservation of the marine environment 
for the benefit of current and future generations (UNCLOS, Article 145). To this end, 
the ISA’s main tasks include the development of a regulatory and administrative 
structure that allows the sharing of monetary and non-monetary benefits and the 
development of stringent environmental regulation, which ensures the protection and 
preservation of the marine environment from the impacts of deep-sea mining, taking 
into account concerns of intergenerational and intragenerational equity (Frakes 2003; 
Jaeckel et al. 2016; Bourrel et al. 2018; Joyner 1986; Kiss 1985). 

Deep-sea mining in the Area can either be carried out by the Enterprise 
(the ISA’s would-be mining entity responsible for mining, transporting, processing 
and marketing marine minerals recovered from the Area) and, in association with 
the ISA, by member states of UNCLOS, state and private enterprises, natural or 
juridical persons who have the nationality of a member state and who are sponsored 
by such a state (UNCLOS Article 139). The sponsoring state is required to ensure 
that the contractor (i.e., the entity entering into exploration or mining contracts with 
the ISA) complies with the terms of its contract and with the relevant provisions 
of international law. In this regard, the sponsoring state has an obligation of due 
diligence in setting and enforcing its laws and regulations, meaning that it has to 
adopt, implement and enforce appropriate rules and regulations (ITLOS 2011), which, 
according to Lily (2018), may include the provision of “institutional capabilities 
such as an identified regulatory body, with monitoring and enforcement functions 
and access to appropriate personnel, equipment and other technical capacity to 
implement them’(p. 2). Wherever sponsoring states have implemented appropriate 
measures, they cannot be held liable for a contractor’s misconduct (ITLOS 2011). 

As of December 2020, the ISA has entered into 30 exploration contracts, eighteen 
of which are for nodules, five for crusts and seven for SMS deposits (ISA 2020). 
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4. Environmental Considerations 
4.1. Environmental Impacts of Deep-Sea Mining 


4.1.1. Biological Impacts 


Manganese nodules are loosely placed in and on top of the sediment of the 
abyssal plains of the oceans in an environment, which is characterized by high 
pressure, low temperature and very slow dynamics of (bio)geochemical processes. 
The nodules serve as a habitat for a variety of sessile and mobile faunal taxa 
(e.g., bacteria, nematodes, harpacticoid copepods, polychaeta, isopod crustaceans, 
holothurians, fish, corals, bryozoans, xenophyophores, and sponges), which typically 
feed on detritus and fecal pellets produced by zooplankton sinking down from the 
sea surface (marine snow) (SPC 2013b; Vanreusel et al. 2016; Weaver and Billet 2019; 
Amon et al. 2016). Collector vehicles moving over the seafloor will not only destroy 
the nodules and with it the habitat for organisms using the nodules as hard substrate, 
but will also stir up the sediment, effectively threatening bottom-dwelling and 
filter-feeding organisms (Weaver and Billet 2019; Koschinsky et al. 2018). In addition 
to this, the re-deposition of the suspended sediment is also expected to adversely 
affect these organisms, as this would likely happen at a much higher rate than natural 
sedimentation (Weaver and Billet 2019). 

Ferromanganese crusts provide solid substrate for sessile filter feeding taxa 
(e.g., corals, sponges) and a variety of mobile taxa, including echinoderms, squids, 
and foraminifera (Mullingneaux 1987; Weaver and Billet 2019; Clark et al. 2010). 
The distribution of species and the composition of communities vary depending on 
factors like water depth, current flow and type of substrate (Clark et al. 2010). Research 
has indicated that the seamounts host considerably more biomass than the slopes of 
continental margins at the same depth (Rowden et al. 2010). The removal of the crusts 
would inevitably lead to the vast destruction of large areas of habitat. Furthermore, 
the mining of crusts could produce particle plumes, including resuspended sediment 
and abraded crust particles. However, as seamounts will only accumulate sediment 
on plateaus and in crevices, the size and distribution of the particle plume will 
likely be much smaller than the plume generated by nodule mining (SPC 2013b; 
Koschinsky et al. 2018; Hein and Koschinsky 2014). 

SMS deposits, specifically active hydrothermal vent fields, provide unique 
habitats for a variety of highly specialized organisms (e.g., shrimp, tube worms and 
bacteria) (SPC 2013c). Many of these species are endemic to individual vents and rely 
on a well-functioning symbiotic relationship with certain chemoautotrophic species 
(SPC 2013b; Van Dover et al. 2018). Vent communities also show a zonation, meaning 
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that the different organisms occur at different distances to the vent (Rogers et al. 2012). 
The impacts of SMS mining will likely be site-specific due to variations in local 
abiotic conditions, including substrate type, water depth, temperature, salinity and 
particulate organic matter supply from the surface (Boschen et al. 2016). Overall, 
the area affected by mining will be smaller than the area influenced by nodule or 
crust mining, as SMS mines would mostly extent into the sub-seafloor (SPC 2013c; 
Weaver and Billet 2019). However, due to the uniqueness of individual active vent 
habitats, the mining of active vents would risk destroying rare types of habitat. 
Furthermore, due to the smaller size of the deposits, more vent sites would likely 
have to be mined. However, it is more likely that inactive vent sites would be 
preferentially mined in the future, as they may provide larger ore deposits and would 
be technically easier to mine than active vent sites. While here fauna can be expected 
to be more similar to the ambient deep-sea fauna of the region, as the typical vent 
fauna can only survive at actively venting sites, the paucity of ecological studies at 
inactive SMS deposits makes clear assessments of a potential environmental impact 
of mining difficult (Van Dover 2019). Like for active SMS, the affected area of mining 
would be much smaller than the affected area of nodule or crust mining. 


4.1.2. Geochemical Impacts 


Deep-sea mining can also cause geochemical changes by altering the chemical 
equilibrium of the sediment-water interface as a consequence of the excavation of 
marine mineral resources and the removal of surface sediment. In the case of nodule 
mining, the extent of the release of toxic metals from seawater and sediment pore water 
is believed to be small, unless mining causes particularly deep disturbances. Strong 
interferences could, however, occur in areas where the oxygen penetration depth 
in the sediment is very low. Recent studies suggest, however, that oxygen reaches 
depths of more than 1.5 m throughout the CCZ (Mewes et al. 2014; Volz et al. 2020). 
In the Peru Basin, where nodules are also highly abundant, the oxygen penetration 
depth is only between 10-15 cm (Haeckel et al. 2001; Paul et al. 2018). Crust mining 
is not expected to cause a significant release of toxic metals, as the crusts typically 
form under fully oxic conditions. However, if crusts on shallow seamounts close to 
the oxygen minimum zone would be mined, a partial redissolution of manganese 
oxide from crust particles and release of trace metals within the oxygen minimum 
zone could take place (Koschinsky et al. 2003). The mining of SMS deposits may 
have a substantial geochemical impact because of the high oxidation potential and 
reduced state of the sulfide minerals (Van Dover et al. 2020). Research has shown that 
even species inhabiting active vent sites, which are characterized by a comparatively 
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high concentration of metals in the surrounding water, may be negatively affected 
by elevated metal concentrations due to mining (e.g., Hauton et al. 2017). Although 
many vent species may be more adapted to changing environmental conditions and 
appear to have developed mitigation strategies against metal toxicity (vent mussels, 
for example, store immobile metal compounds in their tissue, Koschinsky 2016), it is 
unclear to which limits these adaptation strategies would protect these organisms 
against metal release from SMS mining. 


4.1.3. Particle Plumes 


The operation of the collector vehicles at the seafloor and the discharge of excess 
sediment and water from the mining vessel will create metal-rich particle plumes 
close to the seafloor and in the water column, which may negatively affect benthic 
and pelagic ecosystems and may extend far beyond the mine site (SPC 2013a, 2013b, 
2013c). Whereas early research mostly relied on hydrodynamic models to anticipate 
the dispersion of the plume (Jankowski and Zielke 2001; Rolinski et al. 2001), more 
recent experiments show aggregation effects, indicating that previous research 
may have overestimated the range of dispersion of the plume (Gillard et al. 2019). 
Nevertheless, fine particles can be transported over long distances and potentially 
negatively affect marine organisms (Weaver et al. 2018). The mining of the slopes 
of seamounts and active vent sites is not expected to produce large particle plumes, 
as these are generally not covered with a thick sediment layer. Guyots and crevices 
of seamounts, as well as inactive vent sites can, however, accumulate sediment. 
Similarly, inactive hydrothermal vent sites may also be covered by several centimeters 
of sediment, which may be dispersed during mining and the discharge of excess water 
and sediment from the mining vessel (Weaver and Billet 2019; Van Dover et al. 2020). 


4.1.4. Noise and Light Pollution 


Exposure to noise and vibrations resulting from mining operations can 
compromise the ability of marine organisms to communicate and to detect prey. 
As noise travels well underwater, noise pollution could affect an area much greater 
than the mine site (Weaver et al. 2018). Noise impacts may be particularly severe 
in water depth in the upper 2000 m of the water column, where it may negatively 
affect marine mammals (Weaver and Billet 2019). Similarly, lights attached to mining 
equipment could disturb species that are accustomed to living in a dark environment 
(Popper et al. 2003; Weaver et al. 2018; Weaver and Billet 2019). Furthermore, artificial 
light may conceal bioluminescence, which may compromise the ability of marine 
organisms to navigate, mate, detect food and defend against predation. Near the 
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vessels, artificial light may also attract organisms and disrupt their movement and 
above the sea surface. Furthermore, birds may be adversely affected by the lights 
illuminating the working decks of the mining vessels (Weaver and Billet 2019). 


4.1.5. Greenhouse Gas Emissions and Air Pollution 


The combustion of fuel oil onboard the mining and transport vessels will cause 
the release of greenhouse gases (i.e., CO2, CH4, N2O) and other air pollutants 
(e.g., CO, SOx, NOx, NMVOCs, PM) (IMO 2015). These emissions will contribute 
to global warming, acidification, and the formation of photochemical ozone 
(Huijbregts et al. 2016). Thus far, the impacts to air directly resulting from deep-sea 
mining have received little attention in research. They should, however, be considered 
in a holistic assessment of the environmental impacts caused by deep-sea mining, 
especially in the context of climate change mitigation, and incorporated in regulatory 
frameworks (Heinrich et al. 2020). 


4.1.6. Ecosystem Services 


The impacts caused by deep-sea mining may also affect ecosystem functions 
and services (Le et al. 2017; Orcutt et al. 2020; Thornborough et al. 2019). Ecosystem 
functions of marine ecosystems include element and nutrient cycling, the provision 
of breeding grounds, nursery habitats and refugia, bioturbation, dispersal and 
connectivity, as well as primary and secondary productivity, metabolic activity and 
respiration (Le et al. 2017). Ecosystem services describe the benefits humans obtain 
from well-functioning ecosystems and are commonly subdivided into provisioning 
services, regulating services, supporting services and cultural services (MEA 2005). 
Provisioning services obtained from marine ecosystems, for example, include fish, 
shellfish, biomaterials, pharmaceuticals and industrial agents. Regulating services, 
for example, include carbon sequestration, the control of pests and populations, and 
the storage, burial, transformation and detoxification of waste material and pollutants. 
Cultural services include aesthetic and spiritual value, educational services and the 
notion of ocean stewardship. Supporting services include the ecosystem functions 
listed above (Le et al. 2017; Armstrong et al. 2012). Biodiversity is considered to be of 
particular importance in supporting ecosystem functions, although the relationship 
between biodiversity and ecosystem services has not yet been fully understood 
(Balvanera et al. 2014; Bennett et al. 2015). How and to what extent deep-sea mining 
will affect ecosystem functions and ecosystem services is uncertain but may be 
substantial. It should, therefore, be considered in the development of regulatory 
frameworks and management practices (Thornborough et al. 2019; Le et al. 2017). 


118 


4.2. The Mitigation Hierarchy 


The mitigation hierarchy provides a systematic approach for reacting to the 
environmental impacts of an activity. Its main objective is to avoid net loss of 
biodiversity and, wherever possible, to achieve net gain. The mitigation hierarchy 
requires the consideration of four elements in a strict hierarchical order: (1) avoid, 
(2) minimize, (3) restore, (4) compensate/offset (Billet et al. 2019). Although originally 
developed for application in a terrestrial setting, it is now increasingly applied to 
coastal and marine environments, including the deep-sea. The first objective of the 
mitigation hierarchy is to avoid deep-sea mining altogether by reducing the overall 
demand for metals through recycling, substituting non-renewable with renewable 
materials and changing consumer behavior, although it is unclear whether this 
would be sufficient to meet the increasing demand of the growing world population 
(Billet et al. 2019; Rühlemann et al. 2019). If the complete avoidance of deep-sea 
mining is, indeed, impossible, then measures should be undertaken to at least 
protect certain areas from mining through the establishment of marine protected 
areas in which no mining can take place. An important measure in this regard 
is the establishment of regional-scale environmental management plans (REMPs), 
which is supposed to help maintain regional biodiversity, ecosystem structures and 
ecosystem function and to preserve typical regional ecosystems (Cuvelier et al. 2018; 
Niner et al. 2018; Jacob et al. 2016). According to Jones et al. (2019), REMPs for 
deep-sea mining may include “an assessment of the probability, duration, frequency 
and reversibility of environmental impacts, the cumulative and transboundary 
impacts, the magnitude and spatial extent of the effects, the value and vulnerability 
of the area likely to be affected including those with protection status and the extent 
of uncertainty in any of the above” (p. 175). The ISA has, until now, only adopted a 
REMP for the nodule fields of the CCZ, whose central component is a network of 
nine Areas of Particular Environmental Interests (ISBA/24/C/3). The APEIs cover an 
area of 400 km x 400 km, representing the nine sub-regions of the CCZ. The guiding 
principles of the CCZ REMP are listed as (1) the CHM, (2) the precautionary approach, 
(3) the protection and preservation of the marine environment, (4) the requirement 
to conduct environmental impact assessments, (5) the conservation and sustainable 
use of biodiversity and (6) transparency. The establishment of representative APEIs 
is complicated by the persisting lack of knowledge about species abundances and 
community composition in the deep sea. There is, however, a clear call for the 
establishment of further REMPS (including APEIs) in the Area, including prospective 
sites for the mining of crusts and SMS deposits. The selection of APEIs should 
be guided and by a comprehensive set of environmental criteria and objectives. 
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Moreover, Tunnicliffe et al. (2020) point out that “clearly identified targets using 
well-defined and standardized performance indicators [are needed] to evaluate 
progress (or lack thereof) towards achieving desired outcomes” (p. 3). Due to 
the uniqueness of SMS habitats, finding representative sites for the placement of 
APEIs will, however, be challenging (Koschinsky et al. 2018). Within areas of 
national jurisdiction, the Pacific Community established the Regional Environmental 
Management Framework for Deep Sea Minerals Exploration and Exploitation in 
cooperation with the EU (Swaddling 2016). 

The second objective of the mitigation hierarchy is to minimize adverse 
environmental impacts as much as possible via technological means. While habitat 
destruction by seafloor vehicles is inevitable in a deep-sea mining context, it may 
be possible to reduce the impact of the particle plume. Niner et al. (2018), for 
example, suggest the use of shrouds on seafloor vehicles to limit the production 
and spreading of fine particles and Cuvelier et al. (2018) mention the possibility 
to increase flocculation to encourage a faster settling of the plume. Furthermore, 
the use of alternative energy sources (e.g., liquefied natural gas (LNG)) and the 
increase of the energy efficiency of the ship engines could limit the release of 
greenhouse gases and air pollutants (Heinrich et al. 2020). The third objective 
of the mitigation hierarchy is to restore ecosystem function and services after 
destruction. While this is common practice in terrestrial mining, the restoration of 
deep-sea ecosystems is extremely difficult due to the large scale of the affected areas, 
persisting knowledge gaps, and limited economic feasibility (Van Dover et al. 2014; 
Niner et al. 2018; Billet et al. 2019). The compensation/offsetting of biodiversity loss 
can be considered as a last option to prevent a net loss of biodiversity. This can be 
achieved by protecting or restoring similar habitats to those mined (like for like), 
or to create new biodiversity of a different kind in different types of environments 
(out of kind). It may, furthermore, be possible to compensate in an entirely different 
manner, for example, through investing in capacity-building initiatives. However, 
Niner et al. (2018) point out that out of kind compensation can neither negate 
biodiversity loss nor compensate for lost ecosystem functions and should, therefore, 
not be considered true offsets. 


4.3. Environmental Regulation 


4.3.1. National Jurisdiction 


In areas within national jurisdiction, UNCLOS obligates coastal states to ensure 
the protection and preservation of the marine environment (UNCLOS, Articles 192 and 
193). In this regard, UNCLOS requires states to attempt “as far as practicable, directly 
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or through the competent international organization to observe, measure, evaluate 
and analyze by recognized scientific methods, the risks or effects of pollution of the 
marine environment” resulting from activities “which they permit or in which they 
engage” (UNCLOS, Article 204). Wherever states suspect “substantial pollution [or] 
significant harmful changes to the marine environment”, they are required to “as far 
as practicable, assess the potential effects of such activities on the marine environment 
and shall communicate reports of the results of such assessments” (UNCLOS, Article 
206) to the competent international organizations (UNCOS, Article 205). With respect 
to deep-sea mining, coastal states are obligated by UNCLOS to “adopt laws and 
regulations to prevent, reduce and control pollution of the marine environment 
arising from or in connection with seabed activities subject to their jurisdiction”, 
as well as “other measures that may be necessary to prevent, reduce, and control 
such pollution” (UNCLOS, Article 208 (1) and (2)), further specifying that “such 
laws, regulations and measures shall be no less effective than international rules, 
standards and recommended practices and procedures” (UNCLOS, Article 208 (3)). 
In this regard, UNCLOS, article 194 (3c) obligates states to minimize “pollution from 
installations and devices used in exploration or exploitation of the natural resources of 
the seabed and subsoil” (UNCLOS, Article 194 (3c)). This also includes the obligation 
of states to prevent transboundary harm arising from activities conducted in areas 
under their jurisdiction (UNCLOS, Article 194 (2)). 

Several states have already enacted specific deep-sea mining regulations or 
incorporated them within existing frameworks. Papua New Guinea, has, for example, 
incorporated provisions for deep-sea mining in its 1992 Mining Act. The Mining Act 
aims mainly to encourage mining and contains very little environmental provisions. 
These are included in the 2000 Environment Act, which, for example, requires 
the submission of environmental impact statements (EIS) (including monitoring, 
environmental management programs, collection of baseline data and remediation), 
and Environmental Inception Reports (§51(b)). Past experience with terrestrial mining 
operations, as well as the country’s high level of poverty, civil conflict, inequality and 
poor rule of law gives rise to concern, however, with respect to the implementation 
and enforcement of the regulations (Singh and Hunter 2019). Another Pacific island 
state interested in hosting deep-sea mining operations within their jurisdiction is 
Tonga, which has already issued exploration licenses to several contractors under 
the country’s mineral and petroleum mining law (Blue Ocean Law and the Pacific 
Network on Globalisation 2016; Singh and Hunter 2019). In 2014, Tonga has, however, 
adopted its new Seabed Minerals Act, which has been drafted with the help of the 
Secretariat of the Pacific Community and the European Union. Although the Seabed 
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Minerals Act contains suitable environmental provisions, including the requirement 
to submit environmental impact assessments (EIA), it is doubtful that the country 
will be able to implement and enforce the regulations, due to a profound lack of 
financial and institutional capacity (Singh and Hunter 2019). The Cook Islands are 
actively seeking contractors to exploit nodules within its EEZ. The country adopted 
its Seabed Minerals Act in 2009, which mainly aimed at facilitating mining and gave 
little attention to environmental concerns. The 2015 Seabed Minerals (Protection 
and Exploration) Regulations contained more provisions on the environment, albeit 
in weak language. The country has, however, implemented the Marae Moana 
Act in 2017, which establishes the marine protected area Marae Moana, including 
a 50km no-mine zone around the country’s coastline (§24). In contrast to the 
small island states, New Zealand, which incorporated provisions on deep-sea 
mining in its 1991 Crown Minerals Act and 2012 Exclusive Economic Zone and 
Continental Shelf (Environmental Effects) Act, appears to place greater emphasis on 
the protection of the environment and has even denied a mining application because 
of it (New Zealand EPA 2015; Singh and Hunter 2019). 


4.3.2. The Area 


The ISA has already issued three sets of prospecting and exploration regulations 
for nodules, crusts and SMS deposits and is currently in the process of developing 
a corresponding set of exploitation regulations. The draft application regulations 
contain requirements for the application for and approval of exploitation contracts, 
including the obligation to submit a plan of work, a mining plan, a feasibility 
report, a financing plan, a training plan, an emergency response and contingency 
plan, an environmental impact statement, an environmental management and 
monitoring plan, and a closure plan. The drafting process also included a stakeholder 
consultation phase, during which contractors identified gaps in the regulatory 
framework, including the lack of information on the operationalization of the 
polluter pays principle, the precautionary approach and the ecosystem approach, 
as well as the consideration of the impacts of climate change and cumulative effects. 
Furthermore, concerns were raised about the review of contractor compliance with 
environmental regulations and the unclarified relationship between environmental 
impact statements, environmental standards, and environmental management and 
monitoring plans. To this end, the contractors suggested the drafting of concrete 
guidelines for the preparation of environmental impact statements and environmental 
management, monitoring and closure plans, including the requirements for the 
collection of baseline data. The stakeholders, furthermore, called for the development 
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of standards to ensure the protection of the marine environment (ISBA/26/C2). 
In addition to the exploration and exploitation guidelines, the ISA has issued the 
Recommendation for the Guidance of the Contractors for the Assessment of Possible 
Environmental Impacts Arising from Exploration for Marine Minerals in the Area 
(ISBA/19/LTC/8), which prescribes the collection of baseline data in the exploration 
areas employing best available technologies and to conduct environmental impact 
assessments before, during, and after the exploration activities. Although the 
recommendations are not legally binding, contractors are expected to follow them 
(Lodge 2015). 


5. Economic Considerations 


Whether deep-sea mining will yield net benefits and for whom, depends on 
numerous factors, including the occurrence, volume and composition of the mineral 
deposit to be mined, the capital and operational costs required for recovering 
them (especially in comparison to terrestrial mining), the development of the 
metal market, and whether the environmental costs of mining are considered 
(Jaeckel 2020; Folkersen et al. 2019; Mukhopadhyay et al. 2019; Van Nijen et al. 2019). 
Any predictions of the future profitability of deep-sea mining are complicated by 
persisting knowledge gaps, a high level of uncertainty, and the general difficulty 
of expressing environmental impacts in economic terms (Folkersen et al. 2019; 
Mukhopadhyay et al. 2019; Folkersen et al. 2018b). Where deep-sea mining is carried 
out in the Area, the profitability of deep-sea mining may also be influenced by the 
compensation of terrestrial-mining countries, which are negatively affected by metals 
obtained from deep-sea mining entering the global market, as demanded by the 
CHM (Christiansen et al. 2019). According to Van Nijen et al. (2019), this could likely 
occur with respect to the manganese market, which according to them is “shallow 
(low activity compared to the volume), non-transparent, and fragmented” (p. 579). 


5.1. National Jurisdiction 


Within national jurisdiction, states expect to benefit from hosting deep-sea 
mining operations in two ways: by receiving royalties from the contractors in 
exchange for the right to exploit the country’s mineral resources, and by collecting 
corporate income tax (Mullins and Burns 2018). Particularly small island states 
appear to have high hopes to generate revenue for their economies by encouraging 
the development of a deep-sea mining industry. Although the economic benefits 
may be substantial given the countries low number of inhabitants, the income 
from deep-sea mining may in reality be limited, as royalties and tax rates will 
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likely have to be set at a low level to incentivize mining (Mullins and Burns 2018; 
Cardno 2016). Furthermore, due to a lack of financial, technical and institutional 
capacity, the countries may undervalue the potential adverse environmental impacts 
associated with the exploitation of the resource, as well as any potential impacts 
on other economic sectors such as fishery and tourism (Christiansen et al. 2019). 
Moreover, asymmetric power relations, which occur when one partner is considerably 
stronger than the other and influences the terms of the contract in its favor, could 
further reduce the benefits for the host country. In the deep-sea mining context, this 
risk is particularly pronounced as many developing countries choose to enter into 
contracts with foreign mining companies and investors (Le Meur et al. 2018). This not 
only applies to areas within national jurisdiction but also to the Area, where several 
developing states act as sponsors for companies of their own nationality, but who are 
subsidiaries of large foreign corporations. Examples include Nauru Ocean Resources 
Inc., Tonga Offshore Mining Limited, and Marawa Research and Exploration Ltd., 
who are nationals of Nauru, Tonga, and Kiribati, respectively, but subsidiaries of the 
Canadian Company DeepGreen Minerals Inc. 

If deep-sea mining is to take place, revenues generated by deep-sea mining 
will have to be carefully invested to ensure long-lasting benefits for the community. 
The development of an effective fiscal and revenue management framework prior to 
the commencement of mining is considered an essential pre-requisite in this regard 
(UNDP and UN Environment 2018). Such frameworks are recommended to include 
provisions on competitive procurement procedures, frequent independent audits of 
financial accounts, and the regular disclosure of non-commercial and non-confidential 
information to the public. Furthermore, transparency and the delineation of clear 
decision-making strategies are considered essential to minimize the risks of corruption 
and mismanagement of revenues (Sachs and Warner 1995; Ovesen et al. 2018). 

An effective fiscal and revenue management regime can also limit the adverse 
impacts of asymmetric power relations (Le Meur et al. 2018). If managed poorly, 
the revenues obtained from mining may easily turn into a resource curse for the 
host countries, which has been frequently shown in the context of terrestrial mining. 
Particularly, developing countries which usually have less diversified economies, 
run the risk of becoming overly dependent on the extractive industry. In this case, 
countries become increasingly vulnerable to external economic shock caused by 
changes in commodity prices and production levels (Ovesen et al. 2018). Furthermore, 
they are prone to experience the Dutch disease, which describes a situation where 
economic growth in one sector, i.e., the extraction of a natural resource, leads to a 
decline in other sectors. The increased influx of foreign currencies as a consequence 


124 


of the increased export of the resource may lead to the appreciation of the local 
currency, which may cause other sectors of the economy to become less competitive 
on the international market. The Dutch disease can be prevented or counteracted by 
developing clear budgetary plans, detailing in advance how and when revenues are 
to be invested in the short-, medium- and long-term (Soros 2007; Ovesen et al. 2018). 
Furthermore, the establishment of offshore wealth funds in foreign currencies outside 
the country has been identified as a measure to ensure economic security even after 
the revenues from deep-sea mining decline (Al-Hassan et al. 2013). If and how 
the Dutch disease may affect countries involved in deep-sea mining, has not yet 
been researched. 

Particularly developing countries often lack the capacity to develop, implement 
and enforce effective legislative frameworks (Bradley and Swaddling 2018). This is 
critical, as structural and administrative weaknesses can lead to revenue losses and 
negatively affect the credibility of the framework among local and foreign investors 
(Ovesen et al. 2018). However, several organizations exist to assist governments 
with the development of fiscal and revenue management regimes, such as the Pacific 
Community (SPC) and the Pacific Financial Technical Assistance Center (PFTAC). 
The latter has, for example, aided the Cook Islands’ Seabed Mineral Authority 
in developing a mining tax regime. Previously, the Commonwealth Secretariat 
Economic and Legal Section (ELS) had carried out a Seabed Minerals Fiscal Regime 
Analysis in 2012 and provided recommendations to the Cook Islands’ government to 
consider in the preparation of its mining and fiscal regime to ensure consistency with 
international practice and stakeholder expectations. The Cook Islands’ fiscal regime 
has recently been passed in parliament and will be administered by the islands’ 
Ministry of Financial Economic Management (CI Seabed Minerals Authority 2019). 


5.2. The Area 


In the Area, the ISA is obligated by UNCLOS and the 1994 Agreement relating 
to the implementation of Part XI of UNCLOS (1994 IA) to develop a payment regime 
composed of a payment mechanism, which determines the financial contributions 
contractors have to make to the ISA in exchange for exploiting the resources of the 
Area (CHM), and a benefit-sharing mechanism, according to which the economic 
and non-economic benefits of deep-sea mining will be shared among all of the 
ISA’s member states (UNCLOS, Article 140, (Van Nijen et al. 2019; Jaeckel 2020; 
Jaeckel et al. 2016). In developing the payment regime, the ISA has to follow six 
principles outlined in the 1994 IA, which demand that the payment mechanism 
must be “fair, non-discriminatory, simple, and within the range of payments 
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prevailing for land-based mining” and contain a procedure for monitoring compliance 
(Jaeckel et al. 2016, p. 199). The process of the development of a payment mechanism 
is ongoing. Open question concern inter alia, the type and level of revenue raising 
charges to be contributed by the contractors and ways to account for the high 
risk of the contractors in developing emergent industry (Van Nijen et al. 2019). ISA 
consultants have suggested the implementation of a 2% ad valorem royalty during the 
early phase, which would later be increased to about 6% as the industry grows. In this 
case, about 70% of the proceedings would flow to the contractors, 2%-6% would be 
transferred to the ISA and the remainder would be paid as income tax to the country in 
which the contractor pays taxes (e.g., the sponsoring state) (The African Group 2018; 
Levin et al. 2020). The proposal by the ISA consultants has, however, been criticized 
by some of the ISA’s member states, particularly by the African Group, which 
considers the revenue that would be raised by this scenario insufficient to compensate 
the ISA member states for the loss of resources in the Area (The African Group 2019; 
Levin et al. 2020). 

Like the payment mechanism, the benefit-sharing mechanism is still being 
developed. However, neither UNCLOS nor the 1994 IA specify what the benefits 
of mankind entail and how they should be shared. This could, for example, 
include the direct re-distribution of the financial contributions from the contractors 
or the investment of their contributions into a fund (Christiansen et al. 2019). 
Given the current perspective on the level of royalties set by the ISA, it seems 
unlikely, however, that this will generate reasonable income for developing countries 
(The African Group 2018; Jaeckel 2020). The sharing of benefits could also include 
the provision of capacity-building opportunities and the sharing of scientific research 
findings. To this end, the ISA has, for example, initiated several training programs 
and issued several scholarships. Christiansen et al. (2019) point out that this 
could be improved through better organization and the establishment of “dedicated 
organs such as a school or university that systematically organizes education and 
capacity-building according to overarching educational goals” (p. 77). Furthermore, 
scientific data has, thus far, only been shared to a limited extent, although it has 
frequently been called for that particularly environmental data should be made 
available to the public (Seascape Consultants 2014; Jaeckel et al. 2016; ISBA/20/C/31 
and ISBA/18/C/20). 


6. Social Considerations 


The potential social impacts of deep-sea mining have, thus far, received little 
attention in research. Their nature and magnitude, therefore, remain largely unknown. 
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Wherever deep-sea mining takes place in the vicinity of coastlines, concerns have 
been raised about potential direct and indirect impacts on fisheries and tourism 
(Koschinsky et al. 2018; Folkersen et al. 2018a; Roche and Bice 2013; Binney and 
Fleming 2016). In comparison to terrestrial mining operations, which often provide 
indirect employment opportunities through the development of settlements around 
mining operations, deep-sea mining will take place with little to no presence on 
land. Furthermore, deep-sea mining operations require highly skilled personnel with 
experience in the fields of offshore engineering, project management and shipboard 
services; it is, therefore, unlikely that many jobs will be filled by members of the 
local communities (Binney and Fleming 2016). Whether the inhabitants of coastal 
countries will benefit socially from deep-sea mining operation in their vicinity strongly 
depends on how their governments will choose to invest the revenues obtained 
from mining. If invested properly, the countries’ additional income can contribute 
to the improvement of community and health services, infrastructure or affordable 
housing. Mismanagement and corruption, however, could negate any potentially 
positive impacts. 

Whereas governments have generally responded positively to the prospects 
of hosting deep-sea mining operations in areas under their jurisdiction, local 
communities, as well as a number of national and international NGOs having 
assumed a more critical position (Koschinsky et al. 2018). This became particularly 
apparent in relation to the struggles of Nautilus Minerals, which are attributed in 
part to vehement community opposition. Although it has yet to be explored how 
people form their opinion of deep-sea mining (e.g., based on past experience with 
similar industries like terrestrial mining, on scientific facts or other factors), some 
insight could already be gained from the Nautilus Minerals case in Papua New 
Guinea. In relation to this project, Filer and Gabriel (2018) identified three different 
arguments frequently voiced by opponents to the Solwara 1 project. The first one 
emphasizes the application of the precautionary approach and, therefore, calls for 
an interruption of all mining-related activities until sufficient knowledge on its 
associated environmental impacts is available. The second argument is a religious or 
spiritual one, which portrays the ocean as a sacred space that must not be affected 
by mining. The third argument is of a legal nature and relates to the right of local 
communities of free, prior and informed (FPIC) consent, as stated in the United 
Nations Declaration on the Rights of Indigenous People. In the context of deep-sea 
mining, which will take place far offshore, it is, however, difficult to identify who 
would be entitled to FPIC (see Filer and Gabriel (2018) for a thorough assessment of 
this problem). 
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To increase the social sustainability of deep-sea mining operations, it is necessary 
to anticipate any potential social impacts prior to the commercialization of the activity. 
Important tools in this regard include social impact assessments (SIAs) (often included 
in EIAs) and the development of corresponding social impact management plans 
(SIMPs). Like their environmental counterparts, S[As provide information about 
expected impacts to inform the decision-making of governments, stakeholders and the 
public, while SIMPs detail suitable response mechanisms. They further describe how 
potential positive impacts could be enhanced (Franks 2011; Franks and Vanclay 2013). 
Furthermore, more consideration should be given to FPIC and general stakeholder 
participation (see Singh and Hunter 2019 for an assessment of existing regulatory 
frameworks with respect to the incorporation of FPIC and stakeholder participation). 
Social impacts should, in any case, be a central component of deep-sea mining 
risk assessments. 


7. Synthesis 


7.1. Implications for Sustainable Development 


Whether deep-sea mining can contribute to sustainability and sustainable 
development first and foremost depends on how sustainability is understood. In this 
regard, a distinction is commonly made between strong sustainability and weak 
sustainability. The concepts are closely linked to the five capitals theory, which 
assumes that there are different forms of capital: natural capital (e.g., natural 
resources, ecosystem services), financial capital (e.g., revenues), manufactured capital 
(e.g., goods, technology), human capital (e.g., work force, educational levels, skills of 
individuals), and social capital (e.g., norms, social networks, cooperation and trust) 
(Ang and van Passel 2012; Moldan et al. 2012). From a weak sustainability perspective, 
sustainability or sustainable development can be achieved by transforming one form 
of capital into another, as long as the overall stock of capital is maintained or increased. 
In contrast to this, proponents of the strong sustainability concept believe that the 
individual forms of capital need to be maintained in and of themselves. This is 
especially true for natural capital, as this is considered vital for the growth of the other 
forms of capital and, therefore, essentially irreplaceable by other forms of capital. 

From a strong sustainability perspective, deep-sea mining would be inacceptable, 
as it not only describes the exploitation of a finite resource but will also be associated 
with substantial environmental impacts. From this perspective, the only viable option 
would be to reduce the demand for primary metals by increasing the rate of recycling, 
improving product design and increasing the longevity of products. This would 
also be in line with SDG 8, which calls for more sustainable consumption and 
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production patterns. From a weak sustainability perspective, deep-sea mining could 
be considered sustainable if the conversion from natural capital (i.e., the resource in 
the ground and the in-tact ecosystem) into the other forms of capital (e.g., revenue, 
employment) would keep the overall level of capital constant. This requires a careful 
weighing of the benefits and costs of deep-sea mining. 

By generating additional revenue for developing states through royalties and 
corporate income tax, deep-sea mining could theoretically contribute to achieving 
economic prosperity and human well-being, as, for example, called for by SDG 1 
(ending poverty), SDG 2 (ending hunger), SDG 3 (health, well-being) and SDG 10 
(reduce inequality within and among countries). Here, the CHM, which specifically 
requires the equitable sharing of the monetary and non-monetary benefits obtained 
from the exploitation of the marine mineral resources in the Area, is of particular 
importance (see also Christiansen et al. 2019). Furthermore, deep-sea mining can 
provide the metals required for producing the technology needed for the transition 
to a low-carbon economy. Crystalline photovoltaic panels, for example, contain 
substantial amounts of aluminum (Al), copper (Cu) and silver (Ag), as well as several 
other metals in smaller quantities. Wind turbines need significant quantities of iron 
(Fe), Cu, and Al. Electric vehicles typically use lithium-ion batteries to store electricity, 
which require metals like nickel (Ni), cobalt (Co), Al, and manganese (Mn) oxides, 
depending on the specific type of battery. In addition to this, electric vehicles and 
wind turbines often operate permanent magnet generators, which require significant 
quantities of rare earth elements (REEs), such as neodymium (Nd) and dysprosium 
(Dy) (Grandell et al. 2016). Many of these metals could likely eventually be extracted 
from marine mineral deposits. In this regard, deep-sea mining could contribute 
to achieving SDG 7 (sustainable and modern energy for all), specifically SDG 17.2 
(by 2030, increase substantially the share of renewable energy in the global energy 
mix) and SDG 11 (make cities and human settlements, inclusive, safe, resilient and 
sustainable) if sustainable transport refers to electromobility (although this appears 
to be far-fetched). Following this line of reasoning, deep-sea mining could also 
indirectly contribute to achieving SDG 13 (take urgent action to combat climate 
change and its impacts). 

However, deep-sea mining will entail the large scale and long-term destruction 
of the marine environment in and around the mine sites and cause inevitably the 
loss of biodiversity. In this regard, deep-sea mining stands in stark contrast to 
SDG 14 (sustainable life under water), specifically SDG 14.2 (sustainably manage 
and protect marine and coastal ecosystems to avoid significant adverse impacts, 
including by strengthening their resilience, and take action for their restoration in 
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order to achieve healthy and productive oceans). The restoration of adversely affected 
deep-sea ecosystems is, however, particularly difficult and expensive. Furthermore, 
if ecosystem services, particularly the ability of the ocean and the seafloor to sequester 
carbon from the atmosphere, are compromised, deep-sea mining may also conflict 
with SDG 13 (combating climate change). Moreover, it is doubtful whether the 
revenues that could be generated by collecting royalties and income taxes (if paid 
to the host country), would be high enough to promote economic growth, improve 
social services and support institutions. Furthermore, mismanagement of revenues 
and the undervaluation of environmental impacts could cause the decline of other 
economic sectors, negatively affect the environment, and provoke social unrest. 
The latter may be the case particularly in developing countries which often lack 
the financial and institutional capacity to develop, implement and enforce sound 
regulatory frameworks. 


7.2. Good Governance 


If deep-sea mining cannot be prevented, it is important to reduce its adverse 
impacts as much as possible, for example, by implementing principles of good 
governance. The core characteristics of good governance include (1) rule of law, 
(2) accountability, (3) strategic vision, (4) responsiveness, (5) consensus orientation, 
(6) equity, and (7) effectiveness and efficiency (Kardos 2012). Although different 
institutions emphasize different elements, there is consensus that good governance is 
a crucial foundation of sustainable development. Ardron et al. (2018) have analyzed 
the role of transparency in the context of deep-sea mining in detail, which according 
to them, also relates to the elements of public participation and accountability. 
According to them, based on a thorough review of existing codes of conduct, 
regulations, international agreements, and voluntary standards, Ardron et al. (2018) 
identify six components of good practice in transparency and analyze to what extent 
the regulations and recommendations set forth by the ISA reflect these core aspects. 
They conclude that the ISA has been forward-thinking in some ways, for example, 
with respect to releasing information after a certain time period and the emphasis 
on the precautionary approach. Furthermore, they state that the draft exploitation 
regulations appear to indicate that transparency may be improving to a certain 
extent, for example, with respect to making exploitation contracts publicly accessible 
(although some have criticized that the ISA’s effort is still not sufficient, see above). 
At the same time, the ISA’s rules and regulations and procedures do not seem to reflect 
best practices. For instance, the application of the six components of transparency 
indicated weaknesses, such as the inaccessibility of annual reports, which are treated 
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confidentially, unclear quality assurance, the lack of reporting on the compliance of 
states and contractors to ISA regulations, the lack of public participation as observers 
are not allowed to attend key committee meetings, and the limited possibility for 
civil society or state parties to request a review or appeal to decisions of the authority 
(Ardron et al. 2018). 

Good governance also plays an important role, where developing countries 
are planning to host deep-sea mining operations in their EEZs or on their 
extended continental shelves. In these countries, the implementation and success 
of good governance principles is often limited by a lack of trained personnel 
capable of developing effective policy frameworks (e.g., fiscal and revenue 
management plans and environmental regulations), controlling the quality of impact 
assessments (e.g., EIAs and SIAs) and impact management plans (e.g., environmental 
management plans (EMPs), SIMPs), and monitoring compliance and enforcement. 
Capacity-building is, therefore, not only important with respect to minimizing the 
potential negative impacts of deep-sea mining, but also with respect to maximizing 
potential benefits of the activity. The Natural Resource Charter also provides 
guidance for “governments, societies and the international community”, although 
their implementation may be challenging (Cust and Manley 2014, page 4). 

Kung et al. (2020) highlight that “uncertainties are translating into defects in 
emergent [deep-sea mining] governance architecture”, both within and beyond the 
limits of national jurisdiction (p. 8). They highlight in particular, that applying EIA 
methodology, albeit a well-established process, is difficult in the context of deep-sea 
mining, which is “a frontier industry with scant environmental data on the status quo, 
and with no functional precedent in in terms of project design” (ibid., p. 9). Incontrast 
to terrestrial activities, which usually benefit from information of experiences made 
with similar processes in similar environmental settings, there is no such option for 
deep-sea mining. Furthermore, there is no definition yet of what actually constitutes 
serious harm. Experience from terrestrial mining can, however, be used, where 
conflicts of ownership or between users of the marine environment occur. 

Independent of the decision for or against deep-sea mining, research on deep-sea 
ecosystems and potential environmental, economic and social impacts of deep-sea 
mining should be continued, as the past decades have shown that the interest in 
deep-sea mineral deposits may periodically reoccur and future generations should 
have a solid foundation of knowledge to make decisions based on scientific facts. 
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